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Following sheets are distributed,
- AR 1148 (FRMAEBR<) /eleven of question sheets (except this cover sheet)
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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.

MEEIT R C6o M Thb, FMEIZX L, Blx OMERMKIZEZ S &, HE 6 X, HRE 6-1
C R 6-2 25013 T. BADBERMBEFEMRT S &, MEMMIEET 16 HdHDHOT, 4%
MIREICKR L, BEOMERMEZBER LT L, MEHKSZE Y 20 IGA 12, R RIC
RLHDZ L,

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.
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Question 1 Answer the following questions related to a statically determinate structure. (Total 60 marks)

B 1-1 (R THAMBE SRR SN b T A0 E fUCHERE P A FRSIEA LTS, Zo&E, WIin
DERES & ¥ > THREDS Eo, FMWTHEDS 40 TH Y, HHEEICH D bD LT D, LLTFORICEZLZRSIV,

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 Ey, the cross section of each member is 4o, and all members remain in the

elastic range, answer the following questions.
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Figure 1-1 A simply-supported truss

(1) HHM O 2 RDRI WV, 72720, SlEAZIEE TS, (28 /&)

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

(2) REDbAhEEZRDZRIV, (10 /)
Determine the deflection at point E of the truss. (10 marks)
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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 Ep, and the moment of inertia of area is /. When the beam’s shear deformation and

axial deformation is negligible and the beam remains in the elastic range, answer the following questions.
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Figure 1-2 A simply-supported beam

(3) REODOHIFZbAEERDR S, (10 K)
Determine the bending deflection at point £ of the beam. (10 marks)

@) X1-1OMT7RCBITDERDzbAiEL, X 1-2 OHEMPICEIT 5 EADmbAhrENE LN E X,
SRR OWIR IRE—A 2 &, bTAEMOBIHER 4 &0 OATRLZRSVY, (12 1)
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 / using the symbol of 4o and 4. (12

marks)
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Question 2 Answer the following questions related to stress and deformation of the plane frame subjected to the
force couple whose torque is PL as shown in Fig. 2-1. Young’s modulus and moment of inertia are E
and I 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)

Xl 2-1 “FZeHs

Figure 2-1 Plane frame

(1) ZOVFEAEDOIITE—A > M, AWK, #2407, A, B, C RICBIT 2EZKHTITRL,
HAWI, SR OWTIERF S bRT 2 &, (60 571)
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) BIROT-OHAE D KOGREZEN Z KD L. (40 i)
Determine the deflection angle at the point B and the vertical displacement at the point D. (40 marks)
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Question 3  Answer the following questions about steel structures. (60 marks)

@3 —1 #F7—AEMEPHMENEZT 25645525, WOMIZEZREW, (40
=y

Question 3-1 This problem deals with the steel moment resisting frame subjected to the seismic

force. Answer the following questions. (40 marks)

(1) B3-1ITRT 38 1 ANUEE T — A ARSI, EOAE (NM~N;), #ES
(Fi~F3) IZxLC, Lz o>nT B
PRGN ERF AT, DL X, F‘ S .
J&t AW ) DR E D B & RO W \1E«bmmm ?
DOPREZE TEX DT EEMIS ) OE S !
X TR,

Figure 3-1 shows the steel moment

resisting frame with 3 stories and 1 bay

subjected to dead loads, Ni~N; and

74 | #4

Bracin L

seismic forces, F1~F3. When the beams

|
|
and columns in this frame is designed by J)

allowable stress design, represent the N
design procedures from how to calculate u 3

the story shear force to how to decide
the section of the beams and the F 2 JLN 2

columns in detail.

(2) RITHRAE &2 HV, EAOEDE
AW, P E— A MEFELW
(Ob=0bry, Mp=My,) EFEZD T LT
TE L0, EAOHOMNTER S,

OB EZBAE L,
In the case of the beam with axially rigid 3-1 3JE 1 A SUEE T — A LA
slab, the axial forces of the right and left Figure 3-1 Steel moment resisting frame

. with 3 stories and 1 ba
columns, Np;, Np- are different, even y

though the shear forces or the bending moments of both columns, Qw, QO or My, My, are

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



(3) (1) TEFEF L72FE, “FEXICIHB W TRO P ZRHRM 253 T 56 Z Ll Lz, ZOEH &

REARNAS DN R % BRI IR~ X
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.

fMIRE3 —2 m i & BT 2k DORICE 2 RS, (20 )
Question 3-2 Answer the following questions about

= 5
high strength steel and mild steel. (20 marks) i- }'?1 zflr;sztilng th Stecl
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e e A T SN o e [ e EH e e T nm
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Figure 3-2 shows the example of the stress — E
strain curves for high strength steel and mild i : > c
0 &u2 &ul

2

steel. Represent difference of the characteristics
3-2  BK OISR BILR

t high str i . . .
between high strength steel and mild steel. Here, Figure 3-2  Stress — strain curves of steel

E is Young’s modulus.

S ERRBRAL R &, #EH Tld 6,1=235N/mm?, 6,1=400N/mm?, /58 & 8 T3 6;,=600N/mm?,
00=800N/mm? L 72 o7z, Z DL &, HUERE FEZ R,
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: 6;,=235N/mm? and 0;,1=400N/mm?

The high strength steel: 6;,=600N/mm? and 6;,=800N/mm?
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Question 4 Answer the following questions on reinforced concrete structures. (Total 60 marks)

A8 4-1 (30 M)
Question 4-1 (30 marks)
() FEOHMITEFE—A > b M, BIEHEA@- ) THAETE D 2 &z, BN OISO &S TR
L7p &S0,
Ultimate flexural moment M, 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.

M, =08a,c,D+0.5ND| 1-— (1)
’ 0.85bDa,

ZIT a SIREFOWER, o 0 EFORRIRE, b,D : WrEOWE, N, N: @i/, op: =
> 7 U — N OIEMEIREE,
Where, a;: cross sectional area of tensile bars, o;: yield strength of main reinforcement, b, D: sectional width
and depth, N: axial load, op: compressive strength of concrete.
() O/ N ODRE SNEET D L&, HOKRITE—A 2 b M, OBEEMER, ZEENNREDX
IR DD, LRSSV,
Explain differences in ultimate flexural moment M,, failure behavior and deformation capacity of a column
when axial load N increases.

B 4-2 (30 )
Question 4-2 (30 marks)
(1) FEOBTAWONEINBERSENRE-2) THETED Z &R LRE N,
Shear cracking stress 7. of a column can be calculated by Eq. (4-2). Explain how Eq. (4-2) can be obtained.
T, =0, |1+ %o (4-2)
Or
22T, oor: a7V — NOGIRBE, oo : 8l ARG TR
Where, or: tensile cracking strength of concrete, oo: compressive axial stress.
(2) TOBEIZL, 2016 FREAHE CHIE L2 ESEZOWRERR TH D, ZO KD RWELEET 5720
DOIEER G LD ERIZ OV TR S0,

Describe key points in structural design in order to prevent collapse of apartment buildings shown in the picture

A ;
i

below, which is observed in the 2016 Kumamoto earthquake, Japan.

TH 4-1
Photo 4-1
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Question 5 Answer the following questions related to structural design of buildings. (Total 40 marks)

fERE 5-1 T 20 O, BEMOBRFHENERD HEERER ] (ARG 225 THEREHE
Bl (MERERRGE) 12V 7 P LT&E T, Zhb 2 00RGHELED L H B2 HFIESI bor,
pr - T HE TR LRI Y, (10 45)

Question 5-1 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)

fIRE 5-2 AEMEYORFHIB WA 3 DORKMKRELZEET 5, LI &I D
Mo FTz, TNENORFKEIZRD GNLMERIZEDL S RO TH L@ LR E, (10
/'ljgtl)

Question 5-2 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)

fEIRE 5-3 EFUEMEEIC LAUT, & & 60m LT OREEM OGS, HALIRFE M Y OA%IEE /L R
FO(ESGE) WNmM)IEG-DRTHE b5, 2218 ¢ Nm) ILEEET, (5-22)K0G-3)RTE
Rans,
Question 5-3 Wind load W(N/m?) 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, g (N/m?) is velocity pressure obtained by Egs. (5-2) and (5-3).
W=gxC, (51
q=0.6EV," (52
E=E’G, (53)
Z 2T, G AR
E, : SRR D S J7 10 O 5347 & R R
Gr: WA B E
Vo » BLYEEGE (m/s)
where  Cy Wind force coefficient
E.: Factor for representing the vertical profile of mean wind speed
Gy, Gust effect factor
Vo: Reference wind speed (m/s)

INBDIRT A—=F DN, G IOV DR EIZB W TR O RE X TRV LTS,
T, MR - FEmA LD L IITHNON TV DA L2 S, (10 )
Among these parameters, probability and statistics are used for specifying Grand V5. Explain what kinds of

probabilistic and statistical approaches are used in the specification of Grand Vo. (10 marks)



fERE 5-4 S 60m A A2 5 S EEFY OREHIB W TIE, RRE 5-3 THlAJAS M OREIC
Nz CIRIEAZ F AR L ORN GO B EIZOWTCH R T 208N H 5, 2D ORMETE
DEIRHERICE > THEELESNLDHHA LS, (10 5)

Question 5—4 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)



fiiRE 6 (§ 80 M)
Question 6 (Total 80 marks)

R 6 -1 WS OIRENZBI T 5 TRLOMICE 22 S0, ()it 40 1K)

Question 6-1  Answer the following questions about vibration of structures. (Subtotal 40 marks)

D 6-1 DESITHZRGEL 2 SOREN B2 % 1 BV HREM P KRBT 2 REE2E 22, ROEEE
m, DY 7R, Wikl “IRE—A LN, RSELZNLENE, L H, REORMEEEREZ c L L, 1T
DEBITEHTEILDLET D, ZOHEMEK 622 DX I 1TERRIZET MMELZFEOMIME (X3
EH) kL LT, UTOMICEZRIV, (20 1K)

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, ¢ 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)

m
K FIFRTFFFFFFIFFIT "~ m
1 I %
1 1
1 1 k
H 1 Cc !
/ /
N AHE |
1 1
| E, I} c
Vv
LI
% 6-1 IRERRITE S X 6-2 1B Gk
Figure 6-1 One-story plane frame Figure 6-2 One mass system

(a) k% E I HZMWTERYE,
Represent k by E, I, and H.

(b) FEREEASA T 2 m, k 2 HVTERAE,
Represent undamped natural period T by m and k.

(c) TEEE h Z m kc &2 HNTRE,
Represent damping factor i by m, k, and c.



(2) 4 6-3 IR TEELREEINE A7 PADRRFHAY L LTHEZBNTWAHIAIL, K64 D 1
ERRHEEY) (m: B, ko WIWE, b BRER) 2R TL5b0ET 5, UTORMIZEZLREN,
2L, n&30 L LTEETSZ L0 (20 49)

Consider the case that a one-mass structure shown in Fig. 6-4 (m: mass, k: stiffness, 4: 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 7 to be 3.0, answer the following questions. (20 marks)
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Figure 6-3  Pseudo Velocity Response Spectrum Figure 6-4 One mass structure

(a) BRI IS E A AN A Hhift (SA-SD #hif) 2T,
Draw the spectral acceleration - spectral displacement curve (SA-SD curve).

(b) HEEMIIEHT 28 AW 25RO X,
Determine the shear force applied to the structure.

() BEWMMIMEAEMEAIC L0 WD 1/4 [TAR T LR ORI E LM 2R D &, 72721, T ORFDH
AT 01 &L, BEEKIC L DISEEOMIEX (R(6-1) ZMAWTHRIERE L,
Determine the relative displacement response when the structural stiffness reduces to 1/4 of the initial
value by inelastic response. Let damping factor & be 0.1 and use Eq. (6-1) for response correction by
damping factor.

Fr,=15/(1+10h) (6-1)

10
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Question 6-2 Answer the following questions on disaster prevention. (Subtotal 40 marks)

(1) HIRIBIZHOW T T OF—U— F& AT~ X, (20 )
F—U— N RO, B, W, TAWIST)
Explain about the liquefaction using the following keywords. (20 marks)

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

2) HIERECOWTUTOXF—U — FEHWTR~L, (20 4)
F—U— R Fon—, MEWOEAAY, 777« 7HER, Ny TR, SEEL
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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