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[Problem 1]

You examine the stability of the retaining

wall during earthquakes as depicted in I;/,;;;‘
7 W

Fig. 1. Assume that the wall is infinite

to the direction perpendicular to the paper

per unit length

o>

plane, and therefore its stability will be
discussed per unit length of the wall. It h |
is subjected to the self-weight W, the

. . h
active earth pressure applied to the back 5 A\ z he

surface of the wall p4 and the horizontal A\

seismic inertial force O, where z is a S L LT ma

. . A, B
vertical coordinate from the ground M‘ h>h,
surface in the figure. The soil ground is 2 2

homogeneous. Assume that ps does not Fig. 1 Retaining wall
change during earthquakes and is given in

the following equation.

cos’ ¢

=Kyz, K,=—"—
Py v 4 (1+sin¢)2

where, K, is the active earth pressure coefficient with an internal friction angle of the ground ¢

and yis the density of the ground.
Now, the stability of the wall is examined in terms of the following items;

a. Overturning stability of the rigid body of the retaining wall,
Sliding stability related to the friction between the bottom surface of the wall and the ground,
and

c. Vertical load bearing capacity of the ground just underneath the wall.

Answer the following questions.
1) Regarding item a, show both the resultant force due to the active earth pressure p4 and the
applied location of the force. Then, denoting the resultant force by P, show the condition that

the overturning stability can be kept.

2) Regarding item b, show the condition that the sliding does not occur according to the

Coulomb’s friction law based on internal friction angle ¢ and cohesion force c.

3) Regarding item c, show the condition that the minimum vertical stress becomes zero using W,

15



4)

5)

6)

Q and P, where it is assumed that all vertical stresses acting underneath the wall are in the

compressive state.

Regarding item c, show the condition that the maximum vertical stress acting underneath the
wall is less than the vertical bearing capacity of ground omax, wWhere it is assumed that all

vertical stresses acting underneath the wall are in a compressive state.

Let G be a safety margin with respect to the overturning stability, which represents the margin
(“the resisting force” minus “the applying force”). Assume that only Q and P exhibit
variability whose mean and standard deviation are respectively given as sy, up and op, op, and
there is no statistical dependence between O and P. Compute the mean s and the standard

deviation og of the safety margin G.

Using the results for g and o from 5), show the second-moment reliability index £ for the

overturning stability of the wall.

16
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[Problem 2]

Large roof structures covering stands (spectators’ seating) of stadia for sports events should have,
preferably, no columns on the field side in order to provide clear view to the spectators.
Consequently large roofs for stadia require special structural design.

See the plan and section drawings of two stadium roofs, / and /7, respectively indicated in Figs.1
and 2, and understand the structural system of each roof. Then complete the short sentences below
by choosing the most appropriate term from the “Word List” for each blank space numbered D
to @0). Each term in the list can be selected only once.

The main structural element of the roof of 7 is the (D arranged (2 , and twenty pairs of
seventy eight (2)s are directly supported by (3 s. The (2 is 68m in length, from outside to
the inside of the stadium, having _4)  roof at inner part considering the nurture of natural turf,
The two triangular segments at outermost part of (2), which are continuous in peripheral
direction consisting the outer ring, are made of _(5) and functions as the _(©) of the
cantilever. This reduces the permanent bending moment induced to the (3. There are twenty
(3s and the profile of them are _(7)  so that their overall thickness becomes thinner to reduce
visual interruption for spectators. Roof cladding is translucent , as same as /I, pushed up
by (9 s making continuous_(10) configuration for tensioned surface.

The main structure of the roof of /7 is the @D (2 structure. The structure can be D
because of the existence of _13) in the structural system. The innermost elliptical single layer
ring is the and the two layers of outermost elliptical rings are _@5 s. Between these two
sets of rings, forty sets of _(6) , having upper and lower layers, span the 58m wide roof structure.
On the lower layer of 6), seven (9s are set to push up the roof to perform the continuous
configuration for tensioned surface.

Main structure of 7 is designed as a cantilever by 7 approach. The structural weight
becomes comparatively heavy but the height and overall thickness of the roof structure can be
reduced. Main structure of /7 is designed by approach. The roof structure can be very
light. However the inner ring and outer rings must be in order to keep the @). It also
requires high s just outside of the roof to support the two compression rings and to keep
the vertical stability of the roof.

Word List

vertically, radially, simple beam, bearing wall, truss girder, tree-like column, pile
foundation, stadium, timber, glass, reinforced concrete, fire proof, counter weight,
square tube, solid, wind resisting beam, membrane, hybrid, sub-arch, shell structure,
sphere, cylinder, saddle, pre-stressed, earthquake-resistant, buckling, cable,
suspension bridge, cable-stayed bridge, self-equilibrium stress state, stand, yielding stress,
compression ring, brace, base-isolation, tension-system, bending-system, shear system,
tension ring, closed, open, openings, cable girder, folded plate, pylon, virtual work
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Example of answer : (D cylinder

@ pylon
@ fire proof

@ pylon <— Same term cannot be used repetitively.

| h
=
e
L/ iJ /ﬂw{%y

- NSl
= . g C/I\\C
a grikitinb - a
fithi & h [ a. radial truss girder
c-+H && , € b. peripheral truss
- \ L1 c. triangular lattice
e d. outer reinforced concrete ring
e. tree-like column
D]Hi— f. sub-truss (without column)
\ == T — e g. outer column
0 40m _f ” | = : H h. glass roof
— il s LI Q_Sm
& I I I [ I — —
(a) plan (b) A-A section

Fig. 1: Stadium /  (from STRUTEC May, 2006)

a. upper compression ring
b. pylon

c. lower compression ring
d. cable girder

e. membrane roof

h. sub-arch

g. tension ring

(b) B-B section
Fig. 2 : Stadium /7 (from STRUTEC May, 2006)
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[Problem 3]

There are composite sections made of 10 square-section bars with a dimension of (a times a) as

shown in Figure. They are jointed stiff and strong sufficiently with an adhesive. You may assume

"plane sections remain plane" on the composite sections subjected to flexure.

II.

I1I.

IV.

Explain the assumption of "plane sections remain plane" with words including "neutral

axis."

The composite sections are subjected to bending moment M around the x-axis. No axial
force nor shear acts on the sections. Assume the material property is isotropic and remains

linearly elastic and answer the questions (1) and (2).

(1) Find the expression of y,, the distance of neutral axis from the bottom of the composite

section made of a material (Case 1) using the notation a.

(2) Find and explain which is larger y, or y," and how the findings are justified, where y,'"is
the distance of neutral axis from the bottom of the composite section and the section J is
replaced with one with elastic modulus of about five times larger than the others (Case
2).

Simply supported composite beams are subjected to uniformly distributed vertical load with
an intensity of w (w is constant) and the section is subjected to the bending moment around
the x-axis. Assume the material property is isotropic and remains linearly elastic and answer
the questions (3) and (4).

(3) Find and determine which beam with composite section (Case 1) or (Case 2) yields
larger vertical deflection at the center of the span of the beam than the other and how

many times larger than that of the other.

(4) Determine and explain where maximum shear stress occurs along the joint in a
composite section (Case 2), i.e. which joint and where along the span the joint bears the

maximum shear stress and how the findings are justified.

Hereafter, mechanical property of a composite section is assumed perfectly elasto-plastic
and strength per unit area is o for the both of compression and tension. The composite

section is subjected to bending moment M around x-axis. No axial force nor shear acts on
the section. Answer the question (5).

(5) Find the expression of full plastic moment M, of the composite section (Case 1) with
the notations of @ and o,
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Figure: Composite sections
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[Problem 4]

A beam string structure consists of a horizontal beam AZE, vertical struts BF, CG, and DH, and
cables AF, FG, GH, and HE, as shown in Fig. 1. The lengths of struts BF and DH are design
parameters denoted by h; and h,, respectively. Consider the shape and dimension under
equilibrium.
(1) Answer if this structure is statically determinate or indeterminate and answer the degree of
indeterminacy if it is statically indeterminate. Also, describe the reason.
(2) Answer the following questions when a uniformly distributed vertical load of w per unit
length is applied to beam AE, and the compression forces of struts BF, CG, and DH are
all = w.
(a) Construct the bending moment diagram of beam AE.

(b) How many times is the maximum bending moment of beam AF as that of the beam
without struts and cables, under the same loading condition?

(¢) Find h,. Here, you may use that h; = h, holds under the abovementioned assumption
of internal forces by symmetry.

(d) Refer to Fig. 2. Consider repositioning the joints between the cables and the beam at A

and E below the centroid of the beam section by e (to A and £ respectively), and
accordingly repositioning points ~ G, and H downward by e (to £ , G ,and H
respectively). Find e that minimizes the maximum bending moment. Assume the
compression forces of struts are all kept iwf .
(3) Consider the beam string structure in Fig. 1. Plot the possible range of h; and h,, in the
hi-h, plane taking h,; and h, as axes, such that struts BF, CG, and DH are all under
compression and cables AF, FG, GH, and HE are all under tension.




[Problem 5]

Answer the following questions on mechanical properties of timber.

(1) Table 1 shows mechanical properties of a certain hardwood timber.
(a) Equate x, y and z in Table 1 with correspondent directions of L, R and T in Figure 1,
respectively.
(b) Find the axis among x, y and z in which direction a compressive force generates an apparent

volume increase of the timber.

Table 1
Modulus of elasticity
(Young’s modulus) Poisson’s ratio
(kN/mm?)

- "’ = V. v V.
direction | direction | direction v ” =

12.5 1.35 0.60 0.40 0.65 0.50
vij + ratio of j-directional tensile strain to i-directional compressive

strain generated by i-directional compressive stress

Figure 1

(2) Timber contains a large amount of moisture soon after being logged. How does its strength
change when it is seasoned? Draw its change schematically in a graph with its moisture content
on the horizontal axis and its strength on the vertical axis. And explain the features and the

reason of its change.

(3) Creep deformation of timber is expressed by Voigt model as shown in Figure 2, in which
Hookean body and Newtonian fluid are connected in parallel. The modulus of elasticity of the
Hookean body and the shear coefficient of viscosity of the Newtonian fluid are £ and 7,
respectively. Answer the following questions when the stress g, is applied to the model at the
time =0 and is kept constant.

(a) Introducing ¢ for the strain caused in the Voigt model and 7 for the elapsed time, derive the
differential equation which governs the relationship between the stress o, and the strain .

(b) Solve the above differential equation and express the strain ¢ as a function of time ¢.

Hookean body

e

Newtonian fluid

Figure 2
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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 five exam problems in total. Choose and answer four out of five problems.

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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