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◆注意事項/ Notice

(1)配布物は以下の通りである。

Followmg sheets are distributed;

‐問題用紙 12枚（表紙を除く) / 12 of question sheets (except this cover sheet)

‐解答用紙 14枚/ 14 of answer sheets

(2)解答用紙には、問題番号と受験番号のみを記入し、氏名を書いてはならない。受験番号のない

もの、

Write

また、受験者の氏名の書いてある解答は無効となるので注意すること。

the question number of vour examination identification number On the topnd vouranswer a

of each answer sheet

be mvalidated.

Do NOT write vour name lf you don't fbllow the directions, youl･ answel･ will

(3)問題は全部で6問である。各問題に対し、別々の解答用紙に答えること。解答用紙は全部で14

枚あるので、各問題に対して、複数の解答用紙を使用してもよい。

There are six (6) questions. Write the answer of each question on the different answer sheet(s). A set of

1 4 (14) answer sheets is given. You can use two (2) or more answer sheets fbr one question, if

necessaryb
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Quest!٥n 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 envirortment with a gravitational

acceleration g. The suspended members AB, CD and diagonal members AD have Young's modulus Eo and

cross-section 0٠ك The masses of the suspended and diagonal members are assumed to be negligible. Tlie ceiling slab

BD can be regarded as a rigid body witlt the mass m. Answer the following questions assuming that botit the

suspension and diagonal members are in the elastic range and sitali not buckle.
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Figure 1-1 Suspended ceiling with diagoital bar
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Detennine 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 eaclt otlier, and the tensile

force is taken as positive value. (9 marks)
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図1-2 図l-1の吊り天井に加速度αが左向きに作用した状態

Acceleration" actmg toward lhe left direction on the suspendedceiling in Fig. 1 - 1Figure l-2

(2)地震により図1-1の吊り天井に水平加速度αが左向きに作用し，図1-2のような状態になった。この

ときの，部材AB, CD, ADの軸力を求めなさい。ただし，天井版BDの重心と図心は一致するもの

とし，引張力を正とする。（9点）

Due to the earthquake, the suspendedceilmg m Figure l - l is suhjected to a horizontalaccelerationq toward

the left direction, as shown m Figure l-2. Detennine the axial fbrces of members AB､CD. and AD. Note that

the center of gravity and the centroid of the ceilmg plate BD shall comcide with each othex; and the tensile

fbrce is taken as positive. (9 marks)

(3) 図1－2の状態における，

Detennine the horizontal

marks)

天井版BDの水平方向の変位を求めなさい。(9点）

displacement of dle ceilmg slab BD under the conditions shown in Figure 1 -2 (9

－2－
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図1-3 図1-1の吊り天井に加速度αが右向きに作用した状態

Acceleration " acting toward the right direction on the suspended ceiling in Fig. 1 - 1Figure l-3

(4)地震により図1-1の吊り天井に水平加速度αが右向きに作用し，図1-3のような状態になった。この

ときの，天井版BDの水平方向の変位を求めなさい。(9点）

Due to the earthquake,the suspendedceilmg in Figure l - l is suhjectedto a horizontalaccelerationq toward

the right direction, as shown in Figure l -3 . Detennine the horizontal displacement of the ceilmg slab BD under

the conditions shown m Figure l-3. (9 marks)
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図1-4 吊り天井と壁の間の空隙

Figure l -4 A gap between suspended ceiling and wall

(5)吊り天井の周囲に壁が設置された状態について考える。地震により図1－4の吊り天井に作用する水

平加速度がα=1.59のとき，天井が壁に衝突しないために必要な天井と壁の間の最小寸法（その寸法

以下だと衝突する値）を，吊り材AB側，吊り材CD側，それぞれについて求めよ。(9点）

Considera simationwhere walls are installedaround a suspendedceiling. The horizontal acceleration" actmg

on the suspendedceiling m Figure l-4 due to an earthquakeis assumed to be l.59. In this case, detennmethe

mmmum distance between the ceiling and ihe wall required to prevent the ceiling hom 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,

respectivelyb (9 marks)
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Ques؛l٥n 2 Answer the following questions regarding the stress and defonnation of a statically indeterminate

frame subjected to a force of a inagnimde .p The Young’s !nodulus and moment of inertia of all the

members are E and ا/ respectively. Shear force is considered positive when it rotates tlte member in

a clockwise direction, positive axial force is tension, downward vertical displacement is positive,

and ciocnise nodal rotation is positive. (Subtotal 75 marks)

ŞîSîtli

Figure 2 Plane frame
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Detemine the reaction forces Ил and Va at tlie point a and tlie reaction forces Wc-^c-and Mq at the point C.

(15(marks
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(2)

خ

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 tlie shear and axial forces should be indicated. (45 marks)

(3) BácD^i¿A^١c07Kf|١(j؛:. ệhiỀií mảỀHỉòXc (ح,15)

Determine tite rotation angle at the point B and tlte liorizontal, 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)
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Question 3-1 Figure 3-1 shows a Steel stmcmre 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. Tlte

members do not deform out.of.plane in the ^-direction, and local deformation of the members is assumed to be

restrained by stiffeners. The cross section of tlie member is shown in Figure (c). Young's modulus is 205000 พททท2

and tire steel material is SN490. On the upper side of the member, Pvo flanges are welded to a Steel plate (thickness

of a) as shown in Figure (c). The weld size is set to be the maximum from the cross section of the member and tlie

plate.

When ى300=/ and л=200й, answer the following questions. (40 marks)

.WTالإ٤؟١0ط7ذ؛)3(0

Answer the following questions about Figure (a).

ЙАЧ(!)^1؛๑i'μmlL·\t)fỀỲtìỷ)Xo[Цф(7)в^^^ЯП١Г

Find the stress acting on members A~c using the symbols in the figure.

)2)10mmCOł^Hfl:||;^^|(7)il?łl٥6،t٥=٠,ةف'د،7

biximixbl[

Find the load p at short-term allowable stress when ٥=10mm. In the calculation process, each physical quantity

may also be calculated as Pvo significant digits.

(3)

Illustrate the collapse fonn of the strucmre.

J¿i،T, mih){:/)[\XliXo

Answer the following questions about Figure (b).

(4)IĨ(7ràĨtẫrff]v١tếỉ؛WA\C(7>ítli,ù:^/.ế^l*j:

Find the stress actltig on members A-C using the symbols in the figure.

(5) «=10mm،7)ẻ؛Ề, 7 h كد fj:ỳò, l\lỀU.[:ị^\/\XM0ÌỀI:

llt(]blXl\-'^Ę-lXbX\\,

Find the bending momentM at short-term allowable sness when ٠=10mm. In tlie calculation process, each

physical quantitymay also be calculated as Pvo slgniFicantdigits.

(6) ttV|íậcDtũIfặ٠؛ũj;

Illustrate the collapse form of the stmcmre.

-6-



問題3－2 次の間に答えよ。（15点）

Qu estion 3-2 Answer the fbllowmg questions. (1 5 marks)

低層鋼構造骨組の代表的な構造形式を二例以上挙げ,それぞれの耐震上の特徴の相違を簡潔に説明せ

よ。

List at least two typical strucmral types of low-rise steel hfames and briefly explam the differences m their

(1)

seismic characteristics.

基準強度F値はどのように定められているか，簡潔に説明せよ。

Briefly explam how the reference strength F value is detennmed.

(2)
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Answer the fo!lowing questions on reinforced concrete structures (Subtota! 55 marks)

ił4(55)عب.

Question 4

(40 ,٥)

Quesbon 4-1 (40 marks)

I 4-1 \:^fl 1|1غا،ؤ ẴA>Ềlj'yỉ7 لا

Ltv١ố٥ tìc7)|®{j;| 4-2 ،/) ¿ يي V) .e, ة)ئ^هؤلا:؛>^بي،|

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

as shown in Fig. 4.1. Columnsection is shown in Fig. 4-2 and beams are stiffand strong enougli.

4-1

7ئل١ ϋ(:τΚ¥Ι/. ¿rq١rầfI 2Ν<ïïMm;يI

(1)

Draw bending moment diagram of columns.

)2(الس^دةة.

M٧ = 0.8atffyDł0.5WD(l
ttíl, b:^.ţ๑ặẵ, ٥:tt،7)fv١ت:جل,

У ьMuli, д\ГтШ{4-\уешп0 ír®F،؟)D¿ة.,

)
N

(4-1)
bDơB

hrmiiì.

Explain the reason that ultimate flexural moment Wi، of a RC column can be approximated by Eq. 4-1 based on

sttess distìbution on a column section.

= 0.8a،ơy٥ + 0.5WỮ(l

■.ÚÌ,Ì)ỴIỀIÌỳ\) ơỵ

)
N

M (4-1)
bDơB

Where, ٥: width of a column section, ٥: deptlt of a column section, σ٥: concrete compressive strength, ٩٠: bar

yielding strength.

(3) Hặừịếẹim p δ (D?ễ\ịim 4-3 Ơ)X จ ،: 3 jịnhề'cmiti:'Ề òtfòc 'ịợ)Aỹ

.ج٠~)۶3-ص łtLł^L 2 L/■:?-،14^لحؤل7>ة1ت11ا:؛9ئد7(٠غ؟ل7ت\H<Dự

ỹ7Ỳ$l, riliỉfữưlJti.â, ؤىقئ7أ

-و a)¿, b)٥, ο)σ٥, d) ٩٠, e)^.

Lateral force p - horizontal displacement relationد is simplified by a tri-linear line as shown in Fig. 4-3. Draw

p ي- relations and explain differences of cracking and yieldiitg points when the following parameters a) to f)

become double, respectively,

parameters- a) b, b)٥, c) σ٥١ d) ٩٠, e)^ 0 h.

/<ỹ7 h

-8-
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問題4－2 （15点）

Question 4-2 (15 marks)

鉄筋コンクリート柱の構鉄筋コンクリート柱の構造性能に対する横補強筋の効果について，説明しなさい。

Explain the effect of lateral remfbrcement on stlucmral perfonnance ofRC columns.
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Answer the lowing!.؛ questions about vibration of struchires. (Subtotal 35 marks)

٠ñ+5(35)تى،

Queshon 5

l/٠:łf>،:7KI^3P(t) (/ ịiỆĩm) ^4-rmfòb(Dtf/jo iề(1) im 5-1 (D 1

filj

·جتااظد

ịụiệvik,لءخااا№'غاпг,

Consider a horizontal force ۶(t) (t is time) acting on the one-mass system which models a building as shown

in Fig. 5-1. Letting m be the building mass, k be the liorizontal stiffoess, c be the viscous damping coefficient,

x(ịt) be horizontal displacement of the mass, answer the followingquestions.

mJ)‘0iŤčJj
Restoring For« with !temping Force

Я؟:“
Pt

αωΑ

-A
X

Ε>
A

-kA

Fig. 5-1 One mass system

Η5-1 И5-2

Fig. 5-2 Relation between force and displacement

(a) ljũềoimìýĩlẮ iýJ๑ệ^v)^[^-ẩẰ) „هةل7ج

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

(b) ШţmแωtШแhţะm,c.kΘจ์iЬ‘^\ąP^ị๑^mЬ\X^h^ЪH tf:. (a)0|i

Represent the namral circular frequency ω and damping factor Λ using necessaty terms from m. c, k. Also,

rewrite the vibrationequation of (a) to include ω and .لذ

(c)نهج؛ق:اة١ال Ofj،—ت٢يرار١بتد7<غي€أ ự)

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

(d) P(t)> lXlMωo๑Ề|-åfũİ-ĩ:ÍẾ\|:ềะýìỂlŤ:lM

{A nil, Θ ỈỈÍÍlIIì) ^ĩ:^ţiiьrıòь๑tfò

:٧;л:]ة[ة،١#م2٣-5؛(^ ว

Let the horizontal displacement be given by χ(ί) = ^ C0s(w٥t — Ỡ) {A is constant, 0 is phase delay)

when exciting tlie one-mass system by stationary hannonic force witli circular frequency of a>0 as p(t).

When ω. = ω, the relationship between restoring force with damping force and horizontal displacement is

given as Fig. 5-2.

(!) ه7٢١ب١ا٠1ة،/,íOiâ.ẤÌầrA—٠مداأرج-ت!جج

Represent the maximum value of tire potential energy using A, k.

τΚ¥Ιίί:؛ίΛ:(0 = A €0ร(ฬ0ะ - Θ)

(7)iiặ, ÌàtiM'ũ7íý3tịW-Ềiử.ω٥ = ω

- 10



(ii)一周期分の加振に対して減衰力のなす仕事を求め'C9の,Aを用いて示せ。

Represent the wolk by the damping fbrce in one cycle of excitation usmg c, (u, A .

構造物の振動において，減衰とはエネルギーが逸散する現象と考えられる。減衰の物理的な要因に

ついて，例を複数挙げて説明しなさい。

Dampmg m vibration of strucmres is considered as energy dissipation phenomenon. Explain the physical

(2)

causes of damping with two or more examples

-11-



問題6

Question 6

防災工学に関する以下の問に答えなさい。（計35点）

Answer the fbllowing qUestions regarding disaster prevention engineering. (Subtotal 35 marks)

以下の災害を受けたときの建物被害の特徴について答えなさい。

Answer the characteristics of buildmg damage in the fbllowmg disasters

(1)洪水 FIood

(2)液状化 LiqUefaction of the ground

(3)竜巻 Tbmado

(4)地震 Earthquake

(5)豪雪 Heavy snow
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