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(1) BARPIILL T O@mY THh 5,
Following sheets are distributed;
- FIREAAE 12 8 (Fk% PR <) /12 of question sheets (except this cover sheet)
- FRZEFAME 14 #2 / 14 of answer sheets

(2) fFERKIZIE, BEES - RBRESOAZLAL, REFEBLTEELREL, BFEHORn
HD, £, EHREBORAOENTHAMEITID L RO THRETDH L,

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) MEIXETTeMTHD, HRIEICK L, Blx OERMKICEZ D Z L, MERRKIZENT 14
B DOT, HRBEICH LT, HEOMEMNRZEMLTH Luy,
There are six (6) questions. Write the answer of each question on the different answer sheet(s). A set of
14 (14) answer sheets is given. You can use two (2) or more answer sheets for one question, if

necessary.
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Question 1 Answer the following questions regarding suspended ceilings where each member is entirely

pin-jointed. (Subtotal 45 marks)
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The suspended ceiling with diagonal bar shown in Figure 1-1 is installed in an environment with a gravitational
acceleration g. The suspended members AB, CD and diagonal members AD have Young's modulus Ep and
cross-section 4g. The masses of the suspended and diagonal members are assumed to be negligible. The ceiling slab
BD can be regarded as a rigid body with the mass m. Answer the following questions assuming that both the

suspension and diagonal members are in the elastic range and shall not buckle.
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Figure 1-1 Suspended ceiling with diagonal bar
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Determine the axial force in members AB, CD, and AD under the conditions shown in Figure 1-1. Note that
the center of gravity and the centroid of the ceiling plate BD shall coincide with each other, and the tensile

force is taken as positive value. (9 marks)
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Figure 1-2  Acceleration « acting toward the left direction on the suspended ceiling in Fig. 1-1
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Due to the earthquake, the suspended ceiling in Figure 1-1 is subjected to a horizontal acceleration & toward
the left direction, as shown in Figure 1-2. Determine the axial forces of members AB, CD. and AD. Note that

the center of gravity and the centroid of the ceiling plate BD shall coincide with each other, and the tensile

force is taken as positive. (9 marks)

X 1-2 ORBEIZ BT D, KR BD ORKFHMOEN Z KD I, (9 H7)
Determine the horizontal displacement of the ceiling slab BD under the conditions shown in Figure 1-2. (9

marks)
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Figure 1-3  Acceleration a acting toward the right direction on the suspended ceiling in Fig. 1-1
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Due to the earthquake, the suspended ceiling in Figure 1-1 is subjected to a horizontal acceleration a toward

the right direction, as shown in Figure 1-3. Determine the horizontal displacement of the ceiling slab BD under

the conditions shown in Figure 1-3. (9 marks)
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Figure 1-4 A gap between suspended ceiling and wall
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Consider a situation where walls are installed around a suspended ceiling. The horizontal acceleration a acting
on the suspended ceiling in Figure 1-4 due to an earthquake is assumed to be 1.5g. In this case, determine the
minimum distance between the ceiling and the wall required to prevent the ceiling from colliding with the wall
(if less than the distance, they collide), on the AB side of the suspension and on the CD side of the suspension,

respectively. (9 marks)
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Question 2 Answer the following questions regarding the stress and deformation of a statically indeterminate
frame subjected to a force of a magnitude P, The Young’s modulus and moment of inertia of all the
members are £ and /. respectively. Shear force is considered positive when if rotates the member in
a clockwise direction, positive axial force is tension, downward vertical displacement is positive,

and clockwise nodal rotation is positive. (Subtotal 75 marks)
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Figure 2 Plane frame

(1) ASRIZBIT AR NHLV,BEOC BIZBIT DR NH Ve, Mz R L, (15 42)

Determine the reaction forces H, and V4 at the point A and the reaction forces Hg, Vi, and M at the point C.

(15 marks)

(2) ZOFEEEOMITE— A MR, RAWAHE, DR AT, A,B,C lCBT S MARKPIZARL,
FAMAR, MARICOWTIESGSbaRT 28, (45 58)
Draw the bending moment, shear force. and axial force diagrams. Indicate the values at the points A, B, and C

in the diagrams. The signs of the values of the shear and axial forces should be indicated. (45 marks)

(3) B ADElfinfy b A SOKEEN, SREZEN, HiEfAdRd L, (15 4)

Determine the rotation angle at the point B and the horizontal, vertical, and rotation angle at the point A. (15

marks)
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Question 3 Answer the following questions related to steel structures. (Subtotal 55 marks)

I8 3-1 K 3-1 (T 3R Enr 3 RO (BiH A~C) THER S 2 8RS R 2R3, 38 Je Tl
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I=300a, h=200a D& &, RORIZEZ K. (40 5)
Question 3-1 Figure 3-1 shows a steel structure consisting of three pin-supported members (members A~C). The
stiffeners are provided in the center of the members, and the members are pin-connected to the stiffeners. The
members do not deform out-of-plane in the y-direction, and local deformation of the members is assumed to be
restrained by stiffeners. The cross section of the member is shown in Figure (¢). Young's modulus is 205000 N/mm’
and the steel material is SN490. On the upper side of the member, two flanges are welded to a steel plate (thickness
of @) as shown in Figure (¢). The weld size is set to be the maximum from the cross section of the member and the
plate.

When /=300a and /=200a, answer the following questions. (40 marks)

LIF, B@ic2WTHEx L,

Answer the following questions about Figure (a).

() Hh OS2 AW THM A~C OERISEZRD X,
Find the stress acting on members A~C using the symbols in the figure.

(2) a=10mm D & ZHEFFFISREFOME P 2k L, 7ok, FHEERICB W TEYELR % A 2037 —Hir
ELTEELTL X,
Find the load P at short-term allowable stress when ¢=10mm. In the calculation process, each physical quantity
may also be calculated as two significant digits.

(3) A EEIROD IS HRERE & [

Illustrate the collapse form of the structure.

LI, BoIc2nWTEL L,

Answer the following questions about Figure (b).

(4) B OFE S 2 AV THM A~C OERIC 1 E 2R X,
Find the stress acting on members A~C using the symbols in the figure.

(5) a=10mm D & &, FHFFEICIRFOHTE— A > b M 2R K, 228, FHHEBRIZB WA YL EA
FREF M E LCEHELTH LV,
Find the bending moment M at short-term allowable stress when «=10mm. In the calculation process, each
physical quantity may also be calculated as two significant digits.

(6) HEIE RO F i AT 2 R L.

Ilustrate the collapse form of the structure.
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Question 3-2  Answer the following questions. (15 marks)

(1) I St EE ML O FCRA 2R IEEE A2 UL BT, ZR ROt Lo oo FiE % i3 1 i
o
List at least two typical structural types of low-rise steel frames and briefly explain the differences in their
seismic characteristics.

(2) FEHEMEFEIZEOIIIZED LN TV AN, MERICHAE X,

Briefly explain how the reference strength F value is determined.
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Figure 3-1 Steel structure consisting of three pin-supported members.
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Question 4 Answer the following questions on reinforced concrete structures (Subtotal 55 marks)

fEIRE 4-1 (40 40

Question 4-1 (40 marks)

4112 TE27 11 ANV 7 U —MET— A CZERBICKERE P L SREMTE 2N MEA
LTW%, HEoMmEIM4-2 DLEY T, BEFE+HIIClEmThD,

Horizontal force P and vertical load 2V are applying to a single story - single bay reinforced concrete (RC) frame

as shown in Fig. 4-1. Column section is shown in Fig. 4-2 and beams are stiff and strong enough.

(1

2

(3)

HEothiFE— A FREHE I,

Draw bending moment diagram of columns.

iz 7 ) — MEOMITKRREET—A > F ML, L TORRERGE-DTIHRTESZ L%, HA®
IENEDHIZIESOTHBA LA S,

M, = 0.8a,a,D + 0.5ND (1 - ——) (4-1)
B

72720, bAEDE, DAEOE, og= 7 U — MNEMHRE, o EMFERIELE
Explain the reason that ultimate flexural moment M, of a RC column can be approximated by Eq. 4-1 based on

stress distribution on a column section.
_ N
MU—OBm@ﬂ+05ND(1—E;ﬁ (-1)

Where, b: width of a column section, D: depth of a column section, ox: concrete compressive strength, oy bar
yielding strength.

WA DAL P LAFEER § OBtRIFN 4-3 DX 123 N ClilLTE 5L T5, KD/ T
A—F ay~N%&, THEH2{E e Lz &z, PEERED LSBT BD, FREhLDT
7 7% L, PO, tifFRRENn EO X S ICE T 20 Lz Z vy,

INT A—=F- a)b, B)D, c)op da. e)N, Dh

Lateral force P — horizontal displacement ¢ relation is simplified by a tri-linear line as shown in Fig. 4-3. Draw
P —¢ relations and explain differences of cracking and yielding points when the following parameters a) to f)
become double, respectively.

parameters- a)b, b)D, c)op d)o, e N, f)h
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Question 4-2 (15 marks)
§kih =2 > 7 U — MEOHIEIERRIC T 2 BRI O S RIZ SN T, BIAILAR S,

Explain the effect of lateral reinforcement on structural performance of RC columns.
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Question 5  Answer the following questions about vibration of structures. (Subtotal 35 marks)

() @& 51O 1 BARICEBRLZETAMTKENDPE) (3R MERTL0 LT, B
B m, ARERIMEZ k, RSPERGREREAE ¢, BAOKFEM Zx()E LT, LTFOMIZEZRSUY,
Consider a horizontal force P(t) (tis time) acting on the one-mass system which models a building as shown
in Fig. 5-1. Letting m be the building mass, & be the horizontal stiffness, ¢ be the viscous damping coefficient,
x(t) be horizontal displacement of the mass, answer the following questions.

MRS NATITT )
Restoring Force with Damping Force
P(1)

£

% 5-1 1EARET I B 5-2 5 &oBE
Fig. 5-1 One mass system Fig. 5-2 Relation between force and displacement

(a) BRFRORBHEX (Hofhn 50k) %5,

Represent the equation of motion (equilibrium of forces) of the one mass system.

(b) [EAEREhSw EBEER A Em ¢ kDI HLRERLOERNTERETLEE, Fo, @DIRD
TR 2o O h 2G5 AT X,

Represent the natural circular frequency @ and damping factor /i using necessary terms from m, ¢, k. Also,
rewrite the vibration equation of (a) to include @ and /.

(¢) EROTZFNAF—OHY) VALY,

Represent the equation of energy balance of the one mass system.

(d) P(t) & L THIES Ko, D EFAFME CEARENRE LG, KPEEMIEx() = Acos(wgt — 0)
(AXES, 0 IINAE) THEALNDIBDLET D, wp=w DI, BIRHAREIN L KRELENL
ORERIEE 52 13T LA Iche o7,

Let the horizontal displacement be given by x(t) = A cos(wyt — @) (4 is constant, € is phase delay)
when exciting the one-mass system by stationary harmonic force with circular frequency of w, as P(t).
When wjy = w, the relationship between restoring force with damping force and horizontal displacement is
given as Fig. 5-2.

(i) MET 2N F—Dh KEEA k 2 TRE,

Represent the maximum value of the potential energy using 4, k.

~10 -



(i) — SIS ORI L CiEE ) o il A sk, ¢, w, A W TURY,

Represent the work by the damping force in one cycle of excitation using ¢, w, A.

(2) HEEMOESICBWT, BELIHE=RALX—NERTIHLLEZLND, WMEOWENRERIZ

DNWT, PlEBEET TR L0,
Damping in vibration of structures is considered as energy dissipation phenomenon. Explain the physical

causes of damping with two or more examples.

S 11 -
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Question 6  Answer the following questions regarding disaster prevention engineering. (Subtotal 35 marks)

PR OS2 R 1 & & ORPEEOHBIC SO TEAR S,

Answer the characteristics of building damage in the following disasters.

(1) A Flood

(2) i&k{k  Liquefaction of the ground

(3) ##% Tornado

(4) Hb7% Earthquake

(5) %% Heavy snow
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