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[Problem 1]

Grenfell tower fire in London UK in June 2017 was such a devastating fire that around 70 people were
killed. There were multiple reasons for this Grenfell tower fire to be so accelerated, but here, focus on the
rapid fire spread along the exterior walls of this building, and answer the following questions.

(M

@)

©)

The fire started on the fourth floor and the flame was spouted out from the broken window opening.
Then the fire rapidly spread along the exterior wall up to the top floor (23™). Though the structure
details of the exterior walls of Grenfell tower were varied location to location, they could be simplified
from interior to exterior as follows: Reinforced-concrete (around 200 mm thick), Insulating Material
(Polyurethane-based, around 100 mm thick), Air cavity (around 50 mm thick), and Cladding
(Aluminum Composite Panel, around 4 mm thick in total, in which the Polyethylene core (around
3mm thick) is sandwiched by Aluminum sheets (each around 0.5 mm thick)). Note that Cladding
(Aluminum Composite Panel) is located at the most exterior side. Firstly draw a cross-section of this
exterior wall, and explain the mechanism of such a rapid vertical spread of fire at this exterior wall,
with respect to the structure and the materials of this exterior wall.

Generally, an exterior wall having “Thermal Insulation” (when there is a fire on one side of a wall, heat
is not transmitted from the fire side to the other side of a wall), “Fire Integrity” (when there is a fire on
one side of a wall, flame is not transmitted from the fire side to the other side of a wall), and “Fire
Stability” (when there is a fire, a wall maintains its necessary strength), is considered to be “Fire-
resistant”. Specify whether the exterior walls of Grenfell tower explained in question (1) above are
considered to be “Fire-resistant” or not, and explain the reason for that.

Regarding the exterior walls of buildings in Japan, which are “Fire-resistant” according to the
definitions in question (2) above, specify whether there could be such a rapid fire spread along those
exterior walls as occurred at Grenfell tower or not, and explain the reason for that.
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[Problem 2]

Answer the following questions regarding structures shown below. The flexural rigidity of each member is
uniformly EZ, and consider only flexural deformation.

(1) A structure subject to a force P at Point C is given in Fig. 1.

(D Draw the bending moment diagram.

(@ Find the vertical deflection 67 and horizontal deflection J at Point C.
@ Draw the outline of the structure’s deformation.

(2) A structure is given in Fig. 2, and its column bottom at Point E is vertically settled by o.
@ Find the vertical deflection at Point C of the member’s center using &.

(® Draw the bending moment diagram.

® Draw the outline of the structure’s deformation.

a/2 a/2 a/2
P
B —lC B C D
a a

A A E

0

:??57/,
Fig. 1 Fig.2

16



(ZON—=VIIZEAN—TTY, )
(This page is intentionally blank.)

17



[Problem 3]

Consider a composite beam cross section in which a concrete slab and an H-shaped steel are integrated.
Figure 3-1 shows the shape and coordinate axes. The xs axis and x. axis are the horizontal axes through the
centroid of the H-shaped steel and the concrete slab, respectively. The Young's modulus, height, cross-
sectional area, and geometric moment of inertia of the H-shaped steel and concrete slab are shown in Table
3-1. It is assumed that only the bending moment is applied to this beam, and no axial force due to external
load is applied. In addition, it is assumed that the Euler-Bernoulli assumption holds, where the plane sections
of the composite beam remain plane and perpendicular to the beam axis, after the concrete slab hardens and
is integrated with the steel beam. The materials are always elastic.

/ Concrete slab \ . )

tii |xc _

Yo,
Neutral axis
h — X

A

A

I —
\H—shaped steel +— .
} Section S

Figure 3-1

Table 3-1
Element Young’s modulus Height Section area Inertia moment
H-shaped steel Es h As I (around xs axis)
Concrete slab E. t Ae I (around x. axis)

(1) When this composite beam, whose concrete slab hardened and was integrated with the steel beam, was
subjected to a positive bending moment (where the bottom part of the section is in tension), a curvature ¢
occurred at Section S of the beam. The position y, of the neutral axis of the composite beam measured from
the top of the slab was within the cross section of the steel beam (i.e. <y»<t+h). Answer the following
problems about the state of Section S.

(1-1) Find the axial force and bending moment supported by the steel part at Section S, respectively.

(1-2) Express the position of the neutral axis, y» , at Section S, using the other variables.

(1-3) Find the bending moment supported by Section S of the composite beam, which includes the concrete
slab section part. You can include y» in your answer, if necessary.
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(2) There are two methods shown in Figure 3-2 to construct a composite beam. In Method A, the concrete
is poured while the formwork of the floor slab is supported. In Method B, no support is used when the
concrete is poured, and therefore there is no stress in the concrete at the completion of the construction. The
weight of the formwork is ignored as it is light enough. By either method, the dead weight of the beam is
the same, and therefore the bending moment caused in the beam by the self-weight at the completion of the
construction is also the same. Answer the following problems about the state after the construction by these
two methods, using the variables presented in Table 3-1 and the neutral axis position of the composite beam,
yn (t<yn<t+h), as needed.

Formwork Concrete //
N
il
Steel beam |j|> Support |j|> |j|> |j|>
1 17
Place steel beam Place formwork and support Pour concrete Wait for hardening Remove formwork and support

(a) Method A

Formwork Concrete //
———"
Steel beam |:> |:> |:> |f|>
Place steel beam Place formwork plate Pour concrete Wait for hardening Remove formwork
(b) Method B
Figure 3-2

(2-1) Let ¢4 and ¢y be the curvature of the steel part of Section S at the completion of construction,
completed by Method A and Method B, respectively. Find the maximum strain in the steel part at Section S
by Method A and Method B, respectively.

(2-2) Assuming that the bending moment, M, was caused in Section S at the completion of construction due

to the self-weight, find the maximum strain in the steel part of Section S by Method A and Method B,
respectively.
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[Problem 4)

Answer the following questions about the elastic design spectrum for acceleration response.

)

@)

©)

“4)

Answer the physical quantity of the horizontal and vertical axes respectively for the 5%-damped

elastic design spectrum for acceleration response shown in Figure 4-1.

Answer the primary natural period for a structure with a single-degree of freedom system with a weight
of 5x10* N and an elastic spring constant of 2x10° N/m. Also, answer the response acceleration and
the seismic force for the elastic design spectrum for acceleration response in Figure 4-1. The following
equations are referenced. Calculate to the first decimal place for the answers.

seismic force = mass xresponse acceleration

mass = weight / gravitational acceleration

Gravitational acceleration is assumed to be 10 m/s?,

Figure 4-1 is the elastic design spectrum for acceleration response at the engineering bedrock. Select a
figure with dashed lines for significantly soft soil at the ground surface from Figure 4-2. In addition,

write reasons why you selected the figure.
When creating an input ground motion waveform that follows the elastic design spectrum for

acceleration response in Figure 4-1, what kind of treatments are necessary to create a pulse-like ground
motion and a long-lasting ground motion, respectively?

(m/s?)

10.0 —

5.0

| | |
0 1.0 2.0 350 0 ©

Figure 4-1
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ATTENTIONS

Do NOT open this question booklet 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 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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