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◆3.�H / Notice 

 

(1) F-5����D����	 

Following sheets are distributed; 

- *I6<� 111K><�G	L/ eleven of question sheets (except this cover sheet) 

- @;6<� 161 / sixteen of answer sheets 

 

(2) @;6<����=0���>0����A ��+��'���


�	%J8&���
����
�%J=�2)�0����@;�4$�����3.��
�	 

Write the question number of your answer and your examination identification number on the top 

of each answer sheet. Do NOT write your name. If you don’t follow the directions, your answer will 

be invalidated. 

 

(3) *I�!E� 6*���	'*I�,��#��@;6<�;��
�	�= 6���= 6-1
	�= 6-2 ��������73.5��.���	�@;6<�!E� 16 1�����'

*I�,���?/�@;6<��6�����	@;6<�C���+(���BJ9:�

7�"�
�	 

There are six (6) questions. Question 6 is divided into 6-1 and 6-2. Write the answer of each question 

on the different answer sheet(s). A set of sixteen (16) answer sheets is given. You can use two (2) or 

more answer sheets for one question, if necessary. Ask proctors for answer sheets in case that you need 

more. 



 

��� d>fY�c�"30�:�W��
�	g] 60Ph 
Question 1 Answer the following questions related to a statically determinate structure. (Total 60 marks) 
 
; 1-1�T�7XLFE
#�)-(� E P�bSZ` P�09	�4R���"	���	i��#

�_K�,.'5G� E0i_KHe� A0��!iBD<��"����"	30�:�W��
�	 

The concentrated vertical load P is applied to the point E of a simply-supported truss depicted in Fig.1-1. When the 

Young's modulus of each member is E0, the cross section of each member is A0, and all members remain in the 

elastic range, answer the following questions. 

 

 
 

; 1-1� 7XLFE
#�)-( 

Figure 1-1� A simply-supported truss 

 

 

(1)� 8_K�^6%O��
�	���i@A6%N��"	g28Ph 

Determine the axis force in all members of the truss. Note that the tensile stress is taken as positive. (28 marks) 

 

 

(2)� P E��$�a%O��
�	g10Ph 

Determine the deflection at point E of the truss. (10 marks) 
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; 1-2�T�7XFEL�1P E �bSZ` P �09	�4R���"	���	i7XFEL�i,

.'5G� E0iHe2M+/*.)� I ��"	��iL�BD<��!i�&H=C� �^I9=

C�Q\�	"����"	30�:�W��
�	 

The concentrated vertical load P is applied to the point E of a simply-supported beam depicted in Fig.1-2. The 

Young's modulus of the beam is E0, and the moment of inertia of area is I. When the beam’s shear deformation and 

axial deformation is negligible and the beam remains in the elastic range, answer the following questions. 

 

 

 
; 1-2� 7XFEL 

Figure 1-2� A simply-supported beam 

 

 

(3)� P E�J��$�a%O��
�	g10Ph 

Determine the bending deflection at point E of the beam. (10 marks) 

 

 

(4)� ; 1-1�)-(��
" EP��$�a�i; 1-2�7XL��
" EP��$�a�V���	i

7XFEL�He2M+/*.) I%i)-(_K�HeU A0�� �?�[��
�	g12Ph 

If the deflection at point E of the truss shown in Fig.1-1 is equal to the bending deflection at point E shown in 

Fig.1-2, represent the value of the beam’s moment of inertia of area I using the symbol of A0 and �. (12 

marks) 
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� 9 2-1�P����8V(+'*&�;��!"�34�0N#�	!<[HI�@4�:?�
Z�!,U�7�R��	��
^����XG�)*%1B##^C[.J(+'*&#$�
�!	�� �̂$C4�XG#ET8 �8V��!D6 Ŵ4�=�> ŶO:/�,6�^

�"�S�ET8 #KD6��!	\T 100M] 

 
��	�����  Answer the following questions related to stress and deformation of the plane frame subjected to the 

force couple whose torque is !" as shown in Fig. 2-1. Young’s modulus and moment of inertia are # 

and $ for all members, respectively. Direction of shear force that produces clockwise moment, direction 

of axial force that generates tension, downward direction in vertical displacement, and clockwise rotation 

in deflection angle are defined as positive direction. (Total 100 marks) 

 

 

 

 

 

 

 

 

 

 

� � � � � � � � � � � � � � � 9 2-1� <[HI�

� � � � � � � � � � � � � ���Figure 2-1  Plane frame 

 

(1) ��<[HI�F
(+'*&9 �̂$C49 Ŵ49#A	_A, B, CM��	!2#9-�P
^

�$C49^W49�����Q5�P���_\60M] 

Draw diagrams of the bending moment, shear force, and axial force of the frame with the values at points A, 

B, and C. Indicate signs of the shear and axial forces.� (60 marks) 

 

(2) BM��"�S� DM�YO:/#L��_(40M) 

Determine the deflection angle at the point B and the vertical displacement at the point D. (40 marks) 
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�
����
	��   Answer the following questions about steel structures. (60 marks) 

���-�� ��.0+/�q
C�<%>�$E@%s
$�`�A�m
�����40

d� 

�
����
	���  This problem deals with the steel moment resisting frame subjected to the seismic 

force. Answer the following questions. (40 marks) 

 

(1) B ��	 �k1 3J 1(*/��.0+/�q%I}��Oe�t��N1�N3��C�<

�F1�F3��I���]�\����

yHS<Nxw%u	������

J2&U<�xG�#\�]�U�

�bG%��$��{p���nZ

X��k2� 

Figure 3-1 shows the steel moment 

resisting frame with 3 stories and 1 bay 

subjected to dead loads, N1�N3 and 

seismic forces, F1�F3. When the beams 

and columns in this frame is designed by 

allowable stress design, represent the 

design procedures from how to calculate 

the story shear force to how to decide 

the section of the beams and the 

columns in detail. 

 

(2) ]�;M5G%g��K?�\�2
&U<�W-,0+/) l��

�Qbl=Qbr�Mbl=Mbr��s
$�� 

��$
�K?�\��< i�$�

��fh%|V2"� 

In the case of the beam with axially rigid 

slab, the axial forces of the right and left 

columns, Nbl, Nbr are different, even 

though the shear forces or the bending moments of both columns, Qbl, Qbr or Mbl, Mbr are 

assumed to be equal. Explain the reasons why the axial forces are different. 

 

 

 
B ��	� 3J 1(*/��.0+/�q 

Figure 3-1 Steel moment resisting frame  
with 3 stories and 1 bay 
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(3) (1)�xw�3��L�B����]�3F�_v;Y%x�$����3���fh�

_v;Y�=[%:6j��!"� 

The lateral bracing is set up at the center of the beams in the plan of Fig. 3-1 as the beams are 

designed in (1). Explain the reason why the lateral bracing is set up and the effect of the lateral 

bracing in detail. 

 

���-�� �RN��~���1$`�A�m
�����20d� 

�
����
	���� Answer the following questions about  

high strength steel and mild steel. (20 marks) 

 

(1) B 3-2 �RN��~��S<a�8�17

��$��RN��~����%�!"�E

 -/'8T��$� 

Figure 3-2 shows the example of the stress – 

strain curves for high strength steel and mild 

steel. Represent difference of the characteristics 

between high strength steel and mild steel. Here, 

E is Young’s modulus. 

 

(2) PQz�r[�#�~�� sy1=235N/mm2�su1=400N/mm2��RN�� sy2=600N/mm2�

su2=800N/mm2���3������DcRN F9%k2� 

The yield stress and the ultimate stress are calculated from the results of the tensile tests as the 

following. Determine the value of standard strength F. 

The mild steel: sy1=235N/mm2 and su1=400N/mm2 

The high strength steel: sy2=600N/mm2 and su2=800N/mm2 
 

 

 
B ���� �Y�S<a�8  

Figure 3-2  Stress – strain curves of steel 
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�- 4� vh(-',.)[t�w�#20�>�i����	|o 60]} 
�
����
	��  Answer the following questions on reinforced concrete structures. (Total 60 marks) 
 
�- 4-1� �30 �� 
�
����
	���  (30 marks) 
(1) Z�X�kG+.*-) Mu	bjL(4-1)�oj�
#
�%~T{6�Q:�8H�A���qV

����	 

Ultimate flexural moment Mu of a column can be approximated by Eq. (4-1). Explain how Eq. (4-1) can be 
obtained based on stress distribution in column section. 

   (4-1) 



��at�MN1h�T{g~sy�1h�x3OK~b, D�T{�I~��~N�r:~sB�(

-',.)�?lOK	 
Where, at: cross sectional area of tensile bars, sy: yield strength of main reinforcement, b, D: sectional width 
and depth, N: axial load, sB: compressive strength of concrete. 

(2) Z�r: N�D
�	C;�#�
~Z�kGX�+.*-) Mu !fBR_~CPm:	��"
��c�#�~qV����	 
Explain differences in ultimate flexural moment Mu, failure behavior and deformation capacity of a column 
when axial load N increases. 

 
�- 4-2� �30 �� 
�
����
	���� (30 marks) 
(1) Z��&T��9$d`WQ:K	L(4-2)�oj�
#
�%qV����	 

Shear cracking stress tscr of a column can be calculated by Eq. (4-2). Explain how Eq. (4-2) can be obtained. 

  (4-2) 

 

��sT�(-',.)�MNOK~s0�rU=?lQ:K 

Where, sT: tensile cracking strength of concrete, s0: compressive axial stress. 
(2) 0�7e��2016J^Y@z�5B��y<4E�nF_\��#	
�"��nF%u�#� 

�[tpo/�aS]����s����	 

Describe key points in structural design in order to prevent collapse of apartment buildings shown in the picture 
below, which is observed in the 2016 Kumamoto earthquake, Japan. 

�  
7e 4-1  
Photo 4-1 
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-� 5� Z|j��� �.,?;!L z
������ 40o� 
��	
�
�����Answer the following questions related to structural design of buildings. (Total 40 marks) 

 

-� 5-1� �! 20 X!��Z|p!��m
^h!�>k�SP��>k���)*�`��S

P��`���� 164������-* 2�!��m"�!)	��
f Q��(!)��

c9wc��.���g������10o	 

��	
�
�����  In the last two decades the design method of buildings has shifted from the conventional 

specification-based design to performance-based design. Explain the basic concepts of these two design 

methods together with their merits and demerits. (10 marks) 

 

-� 5-2� Z|j�p!�� (��"�V 3 �!�tqb/aS�,��-*"A�K#-,

)�&���-�-!�tqb l'*-,`�"�!)	�(!��,)�g������10

o	 

��	
�
�������Three limit states are generally considered in the design of building structures. Explain what 

are these limit states and what performance is required for each limit state. (10 marks) 

 

-� 5-3� Z|Qnm )-#��� 60m ?;!Z|p!RI�G@�y\+!j��}s��

���fJ�W�N/m2	"(5-1)[�<
*-,��� q�N/m2	"�YN��(5-2)H$(5-3)[��

{�-,� 

��	
�
�������Wind load W�N/m2	 in the along-wind direction per unit area for the main wind force 

resisting system of a building whose height is lower than or equal to 60 m are specified by Eq. (5-1) in the 

Building Standard Law of Japan. Here, q�N/m2	 is velocity pressure obtained by Eqs. (5-2) and (5-3). 
   (5-1)  

   (5-2)  

   (5-3) 

�� �Cf��EBe 

� � � � Er�WO��!��fJ!DU/��Be  

� � � � Gf�024]�Be  

� � � � V0�Qn�� (m/s) 

where Cf: Wind force coefficient 

 Er: Factor for representing the vertical profile of mean wind speed 

Gf: Gust effect factor 

V0: Reference wind speed (m/s) 

 

�-*!587:3!C�Gf()$V0!�S (��"xr9~�u��
f
s�*-��,�

�-�-�xr9~��
�!)	 s�*-��,!)�g������10o	 

Among these parameters, probability and statistics are used for specifying Gf and V0. Explain what kinds of 

probabilistic and statistical approaches are used in the specification of Gf and V0. (10 marks) 

  

fCqW ´=
2
06.0 EVq =

fr GEE 2=
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-� 5-4� �� 60m/�
,��TZ|p!�� (��"�-� 5-3 ��%��fJ!�� 
F
��v=fJ()$d-fJ!��� ���(i��,_�
�,��-*!���"�

!)	��M )��(�*�-,!)�g������10o	 

��	
�
�������When designing high-rise buildings taller than 60 m, we should evaluate the wind loads in 

the across-wind and torsional directions in addition to the along-wind load mentioned above. Explain the 

mechanisms that generate the wind loads in the across-wind and torsional directions. (10 marks) 
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Question 6 (Total 80 marks) 

 
����� c�k�WC���#5|�F�p������N{ 	� i� 
Question 6-1 Answer the following questions about vibration of structures. (Subtotal 40 marks) 
  
(1) G 6-1 � ��@�b����a	!�#�OP�`c
fP�WC�#lV%v�#�b�~�%

m�a�13(=Z�[�7d04/3+���%�$0$ E, I, H�`c�rUhx=Z% c���a

�~��jz��#����#�
�`c%G 6-2 � ���~is�0*2D��\�@U�-,

LZ�% k��4�85�F�p�����(20i) 
 Consider the horizontal vibration state of a one-story frame consisting of two columns and a rigid beam as 

shown in Fig. 6-1. Let m be mass of the beam, E, I, H be Young's modulus, moment of inertia, length of the 

columns, respectively, c be viscous damping coefficient of the frame and weight of the columns be negligible. 

Letting k be stiffness (spring constant) of the one-mass system which models this frame as shown in Fig.6-2, 

answer the following questions. (20 marks) 

 
G 6-1 �OP�`c G 6-2 1~is 
Figure 6-1 One-story plane frame Figure 6-2 One mass system 

 

(a)� k% E, I, H%m�4w�� 
 Represent k by E, I, and H. 

(b)� �hxH^E_ T% m, k%m�4w�� 
 Represent undamped natural period T by m and k. 

(c)� hxLZ h% m, k, c %m�4w�� 
 Represent damping factor h by m, k, and c. 
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(2) G 6-3 �o�Y9�QTp).'+2
}{m).'+2��46�!$4�#Ii��G 6-4 � 1

~isc�k�m: ~��k: @U�h: hxLZ�%R}�#����#�85�F�p������

����% 3.0��4{q�#
��(20i) 
 Consider the case that a one-mass structure shown in Fig. 6-4 (m: mass, k: stiffness, h: damping factor) will be 

constructed at a site where the pseudo velocity response spectrum shown in Fig.6-3 are given as design 

spectrum. Letting ! to be 3.0, answer the following questions. (20 marks) 

  

� �  
G 6-3 Y9�QTp).'+2 G 6-4 1~isc�k 
Figure 6-3 Pseudo Velocity Response Spectrum Figure 6-4 One mass structure 

 

(a)� tMB�QTp-nMK:Tp]u�SA-SD]u�%X�� 
 Draw the spectral acceleration - spectral displacement curve (SA-SD curve). 

(b)� c�k�<m�#�&[A%g� �  
 Determine the shear force applied to the structure. 

(c)� Rk@U
JUD� "?_� 1/4 �;5��\�nMTpK:%g� �����
�\�h

xLZ h� 0.1���hxLZ� #Tp>�yeS�S(6-1)�%m�4qL� � 
 Determine the relative displacement response when the structural stiffness reduces to 1/4 of the initial 

value by inelastic response. Let damping factor h be 0.1 and use Eq. (6-1) for response correction by 

damping factor. 

Fh = 1.5 / (1+10h) (6-1) 
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���
-� B7�A��$#�)�=�
�	�E-> 408F 
���
��	���� �Answer the following questions on disaster prevention. (Subtotal 40 marks) 

 
(1) 6:'��		$#��" "��;		?
��E208F 

�" "�H,C�1�G<G*<G��2/& 

   Explain about the liquefaction using the following keywords. (20 marks) 

�  Keywords: Earthquake shaking, Sand, Sand boil, Shear strength 

 

 

 

 

(2) %C5@��		$#��" "��;		?
��E208F 

�" "�H�!�"G5@9�+3(4G�����%0G����%0GD.�� 

   Explain about the seismic control structure using the following keywords. (20 marks) 

   Keywords: Damper, Natural period of structure, Active vibration control, Passive vibration control,  

            High-rise building 
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