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[Problem 1)

Here are two frames of which span length and height are both L and the lateral force acts at point b, as shown in the
Fig.1-1. The difference between the frames is the supporting condition at point d, where the lateral displacement is not
constrained for Frame A and constrained for Frame B. Answer the following questions from (1) to (5) on the effect of
the difference in constraints at point d to the structural behavior of frames.

It is assumed that Young’s modulus of the material is E, the members have a uniform section, the inertia of the
section is I, the member weight and P- A effect (a kind of geometrical nonlinearity) are negligible, and the axial and

shear deformations of the members are negligible as well.

Pa »b c Pg »b c .
N N
a dl a dl i
A A A A
} L } } L l
Frame A Frame B
Fig. 1-1

First, consider a linear elastic state.

() Show the moment distribution shapes and calculate reaction forces at the supports of Frame A and Frame B.

(2) Calculate the horizontal displacement at point d due to the lateral force of Pa in Frame A.

(3) Calculate the horizontal displacements at point b of Frame A and Frame B, 6,4 and 6y, due to the lateral
forces of P and Psg, respectively.

(4) The lateral stiffnesses of Frame A and Frame B (the ratio of the lateral force to the lateral displacement at point
b) are defined as Ky, and Kjp, respectively. Calculate the ratio of K, t0 Kp 4.

18



Next, consider the nonlinear state.

(5) The nonlinear behavior of the member is assumed as the perfect bilinear model, as shown in Fig. 1-2, and the
yield moment is M,,. Calculate the amount of the lateral forces, P,, and P, g, when Frame A and Frame B

form the collapse mechanism, respectively.

Bending moment

My [-----

>
Curvature

Fig. 1-2
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[Problem 2)

Consider a one-story, one-bay frame having a rigid beam shown in Fig. 2-1. The mass of the beam is 2M, the length
of the columns is H, and the flexural rigidities of Column 1 and Column 2 are El and 3EI, respectively. Suppose that
the beam moves only horizontally, the columns deform only in flexure, the mass of the columns is negligble, and the
frame vibrates without damping. Let the lateral stiffnesses of Column 1 and Column 2 be Ky and Ky, respectively, and
the natural period of vibration of the frame be To. Answer the questions from (1) to (4) assuming that P-A effect (a kind
of geometrical nonlinearity) is negligible.

2M —
Rigid Beam
El 3EI H

Column1 Column 2

Fig. 2-1

(1) When a lateral force was applied to the beam statically, the beam displaced d horizontally and resulting shear
forces of Column 1 and Column 2 were Q1 and Q, respectively. Lateral stiffnesses of Column 1 and Column 2,

_Q

Kiand K, are determined by K, = r and K, = % , respectively. Determine K; and K> using H and El.

(2) Consider the free vibration of the frame shown in Fig. 2-1. Answer the following questions (2-1) and (2-2).

Equations below can be referred.

Displacement u at time t of free vibration of a single-degree-of-freedom system having mass m and stiffness
k is formulated by Equation (i) or (i).

U =C, CoS(at + ¢) (i)
u = ¢, cos(at) + ¢, sin(wt) (ii)

fk
where C,, @, C;,and C, arereal constants,and @ =,[— .
m

(2-1) Determine the natural vibration period To of the frame shown in Fig. 2-1 using M, K1, and Ko.

(2-2) Let the horizontal displacement of the beam at time t be x and its velocity be v. If x=0 and V=V, at

t =0, determine x using To, V,,andt.

20



(3) Fig.2-2shows the acceleration response spectrum of a ground motion for undamped system. The peak story shear
force in the frame shown in Fig. 2-1 due to the ground motion can be determined to be 2MA, from the product of
the mass and the acceleration response of the frame. Now consider a different frame shown in Fig. 2-3 in which
the mass of beam is changed from 2M to 4M and the flexural rigidity of Column 2 is changed from 3ElI to EI for
the frame shown in Fig. 2-1. Determine the peak story shear force Qmex in the frame shown in Fig. 2-3 due to the

ground motion using M and Ay.

A Acceleration Response

| | | 5
7

0 057, T, 157, 27, 257, 37, 3.57, 47,

Natural period
Fig.2-2
4M
Rigid Beam
El El H

Column1l Column?2

Fig. 2-3

(4) Consider a two-story, one-bay frame shown in Fig. 2-4 in which another one-story frame is added on the frame

shown in Fig. 2-1.

N

Rigid Beam 2

Rigid Beam 1 1




Let the horizontal displacements of Beam 1 and Beam 2 attimetbe X, and X, , respectively, and their velocities
be v, and V,, respectively. Suppose that X, and X, of free vibration of the frame are formulated by Equation

(iii) or (iv).

{Xi} =Cy, COS(at +¢,)- {1}4-002 cos(a,t +¢2)-{ ! } (iii)
X 2 -1

2

{;(1 } ={c, cos(mt) +c,, sin(at)}- {;} +{C,, Cos(m,t) +C,, sin(w,t)}- {_11} (iv)

2

- /ﬁ = /ﬁ
where Cy;, @, Cop» B, Cuyy Cipy Gy, aNd Cyp are real constants, w, = |7+, and w, =2 |7+ .

If X =4X,, X, = 2XO ,and Vv, =V, =0 att=0, determine X, and X, using Xo» @, @,,andt,

respectively. In addition, choose the correct outline of these displacements from (a) to (e) below. Here X, > 0.

@ X b)) X
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[Problem 3)

Answer the following questions on mechanics of materials:

(1-1) Answer the definitions of “elasticity”” and “linear elasticity” of materials in one sentence each.

(1-2) What is the principle of superposition? Use the term “linear” in the explanation.

(1-3) Specify an example when the principle of superposition does not hold while the material is in the linear
elastic range. First, exemplify the structure and the loading conditions, then show that the principle of
superposition does not hold.

(1-4) What is the Bernoulli-Euler assumption in the beam theory?

Consider the deformation of the horizontal cantilever beam with rectangular cross section under its own weight,
as shown in Fig. 3—1. The material is homogeneous, its density is p, Young’s modulus is E, and the
gravitational acceleration is g. Assume the infinitesimal displacement and material deformation within the
linear elastic range. Also, suppose that the Bernoulli-Euler assumption holds.

(2-1) Find the rotation angle at the tip of the beam when the length of the beam is L, and the height and the
width of the sectionare H and B, respectively.

(2-2) Whenthe length of the beam is L, and the height and the width of the sectionare B and H, respectively,
the rotation angle at the tip of the beam becomes twice as large as that in case (2-1). Then, find the value
H/B.

(2-3) When the length of the beam is pL, and the height and the width of the section are gH and ¢B,
respectively, for positive real numbers p and q, answer the necessary and sufficient condition for p
and g such that the rotation angle at the tip of the beam is equal to that in case (2-1).

Cross Section

Rotation Angle

.

Fig. 3-1 Horizontal cantilever beam with rectangular cross section
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[Problem 4)

Given a white cement A with a density of 3.5 g/cm? consisting of uniform spherical particles of 10 um in diameter,
and a red cement B with a density of 3.0 g/cm? consisting of uniform spherical particles of 4 um in diameter, answer
the following questions.

(1) Find the specific surface area (cm?/g) of the cement A with three significant digits.

(2) When the cement A is packed in a cubic container with each side of 1 cm in the
densest packing condition as shown in Fig. 4-1, give the filling ratio (%), bulk

density (g/cm?®), and the diameter of the largest sphere (um) that can fit into the
gap between the particles, using two significant digits, respectively.

Fig. 4-1
(3) What do we call the structure that forms the densest packing condition in (2)?

(4) Consider the cement A mixed homogeneously with the cement B and packed densely in a cubic container with
each side of 1 cm. In such a case, illustrate the schematic graph of the relationship between “ the ratio of the
volume of the cement B to the volume of the mixture of the cement A and the cement B” and *“ the bulk density
(g/cm?) of the mixture.”

(5) There are two pastes, paste A and paste B, made by mixing the cement Rotation

A and the cement B homogeneously with water at a volume ratio of

1:1, respectively. If each paste is placed in a cylindrical container of Pt
the same size and subjected to a slow rotary motion by a rotor blade at Rotor blade
the same rotational speed as shown in Fig. 4-2, which paste produces
the greater torque on the rotor blade?  Alsostate thereason. (L BT

Fig. 4-2

(6) Explain, with the aid of diagrams, the most efficient method and

procedure for constructing a fair-faced concrete wall surface with a | \White
representation of the Japanese flag shown in Fig. 4-3, using either e

white cement A or red cement B. Note that in addition to the

cement, the following materials may be used: water, white fine

aggregate, red fine aggregate, white coarse aggregate, red coarse Fig. 4-3
aggregate, water absorbent sheet, setting retarder, and plywood formwork, but any equipment may be used.

26
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[Problem 5)

The fire resistance performance of structural components refers to their ability to withstand fire or give protection

from it, specifically evaluated by three criteria: “fire insulation” (to prevent heat from transferring to the unexposed

side during a fire), “fire integrity” (to prevent flames from passing through to the unexposed side during a fire), and

“fire stability” (to maintain necessary strength during a fire). Furthermore, main structural components refer to walls,

columns, floors, beams, roofs, and staircases.

(1) A fire-resistant building is defined as one in which the main structural components have a certain level of fire

resistance performance. Keeping this in mind, answer the following questions:

(1-1)

(1-2)

Regarding the columns and beams in fire-resistant buildings, specify the most important criterion of
fire resistance among the three criteria, and explain why.

Concerning the floors and partition walls that make up fire compartments, specify the most important
criterion of fire resistance among the three criteria, and explain why.

(2) In Japan, apart from the concept of fire resistant buildings, there is “fire-preventive construction” aimed

primarily at preventing the spread of fires from low-rise wooden houses, thereby controlling urban fires.

Keeping this in mind, answer the following questions:

(2-1)

(2-2)

This “fire-preventive construction” primarily seeks “fire insulation” to prevent the spread of fire from
surrounding areas. Specifically, identify which main structural component of a wooden house most

critically needs “fire insulation”, and explain why.

In order to most effectively prevent receiving the secondary spot fires during urban fires, which main
structural component of a wooden house should be finished with non-combustible materials? Specify
one component and explain why.

(3) Wood is combustible and burns itself, which is different from concrete or steel. In wooden buildings, therefore,

a 'design for charring' is sometimes implemented to improve their fire resistance. Regarding the design for

charring in wooden buildings, answer the following questions:

(3-1)
(3-2)

(3-3)

Explain the principle of the design for charring.
Specify the two main structural components primarily designed by this design method.

Explain the level of fire resistance achievable by the design for charring in wooden buildings,
comparing with that of reinforced concrete buildings or steel buildings.

28
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ATTENTIONS

Do NOT open this question booklet until you are told to start the examination.

One problem booklet (this booklet), four answer sheets, and four draft sheets will be distributed.

There are five exam problems in total. Select and answer four of them.

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 the 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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