FR28F 10 AAF - FR29F 4 AAF
IFEERIERTH 2 FDERIE
BRI (BEBELFHERE)

Master’s Program Entrance Examination for entry in October 2016 / April 2017

Questions (Architectural Structural Engineering Course)

& 15 FTH / Notice

1. METEHT6MTH L,
FHRBREEICL, AADRERAMIEZASI L, BE6E, [HE6 — 1 L[HE
6—2%NITTHRDOBERMKIBZTZD &, MEARKIIENTL 6KHDDT,
FRBRMEICK LT, HEOMERBREFEALTH L, MERENZED 720
ATiE, RBREEICHE LD Z &,

There are six (6) questions. Question 6 is divided 6-1 & 6-2. For each question, write your
answer on a separate answer sheet. Sixteen (16) sheets are provided in total. You may
use more than one (1) sheet for each question. If you run out, you may request additional

sheets from the proctor.
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Make sure to write the question number and your examination identification number on
each answer sheet. Do not write your name. Please note that answer sheets without the
question number and an examination identification number, or with a candidate’s name

will be invalidated.



RARE 1 B E IR T AU TORMICE 2 &V, (BF60 #4)

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

X 1-1 12”7 & T A LR 2 M A& DX o E il EFLO D SUSEERE P 28 P S /EA L Tn
Do ZOEE, WTNOEMMbHMERIZHDL b D E LT, U\TODF'FE C/§7J£ SV,
A statically determinate plane flame depicted in Fig. 1-1 consists of truss and sub-structure. When the concentrated

vertical load P is applied to the point D as shown in Fig. 1-1, all members remain in the elastic range. Answer the

following questions.
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Figure 1-1 Plane flame Figure 1-2  Cross-section of column

WIS, 2L, -1 ISR L7 x i, z@iomE 22 EniEE T 5, (28 1 )
Determine the vertical and horizontal supporting reaction force at the point A (Va and Ha) and the point B (Vg

and Hg). Note that the direction of x-axis and z-axis shown in Fig. 1-1 is positive respectively. (28 marks)

(2) M DCIIEMRT 28Nz Rz s, 72720, #E5IEY 2#1EL+ 5, (12.4)

Determine the axis force in member DC. Note that the tensile stress is taken as positive. (12 marks)

(3) EILUE CEB OF— A v MHAEHIZ 280, (12 4D
Draw the bending moment diagram of sub-structure CEB. (12 marks)

4) EL1:%¢E E@mﬁu BT DA EB OWidIE, X 1-2 1R T & 0 AR EEEREIZ 22 5,
—F, Ul & TZ)*BHEBLJ?@W (ZAEHIT 28lG 1 E o DR RIEZ RO RS0, 27210

/\7’”% CEB |3 Hi— HHT%EX INTEY, FEMEmEOXKLE LD C AT 2 OERBRIT x-z
FHENICHL2bDETDH, (847)

Determine the maximum axis stress ¢ in the cross-section of member EB at the cutting plane line F;-F; shown
in Fig. 1-1 and 1-2. Note that the sub-structure CEB consists of homogeneous material, and also that the

centroid of each member and the line of force action at the point C remains in the X-z plane. (8 marks)
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Question 2 Answer the following questions related to statically indeterminate structural mechanics. Constant condition is
applied over the total span of the beam concerning Young’s modulus E and geometrical moment of inertia |. Neglect the

component of shear deformation. Note that the clockwise angle is defined as positive. (Total 100 marks)

fRE 2-1 AEHEMEORKRNRIHED —>ThH 5 T bAMAIED AN DOFH BRI ET DU TOMICE A2 S
Vo CNEEFT70 5

Question 2-1  Answer the following questions related to induction process of fundamental equation on slope deflection
method as one of the typical methods for statically indeterminate structure. (Subtotal 70 marks)
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() B2-1 TR THMEY O3IOE BN IET—A 2 b mg PMEHT 25607074 05, 8%, ms, [, E, 1 %
AnTEE, (20 5)
A simple beam under the influence of moment mg as external force at the supporting point B is shown in Fig.2-1.

Describe the deflection angles 64 and 83 at each supporting point in Fig.2-1 by using mg, £, E and I. (20 marks)

(2) 2213 & OIS, BT OSGRA NS IT—A 2 b my DMERT D58 D727 Oa, 0 %2, FIE 2-1(1)
OFEREZFALT, ma, £, E, | ZHNTERYE, 55
A simple beam under the influence of moment my as external force at the supporting point A is shown in Fig.2-2.
Describe the deflection angles 64 and O at each supporting point in Fig.2-2 by using ma, £, E and | based on the results
of Question 2-1(1). (5 marks)

(3) R 2-1()FB L VME 2-1QDFEREFIH LT, K23 [T HMITYD D727 Oa, O %, ma, Mg, (, E,
| ZHVWTHRYE, 2238, BROANE—AL FPOMEITERE LS, (10 5)
From the results of Question 2-1(1) and 2-1(2), describe the deflection angles 64 and Og at each supporting point in

Fig.2-3 by using ma , mg, ¢, E and l. Pay attention to the direction of moment mg as external force. (10 marks)

4) HI1E—A 2 b ma% AB D A SROMUEE— A >k MaplZE 2 (M D AB ¥k B Hi DT — 2
¥ Mpa~DOEZEZ GEEE , WEK=1 0, FEEHE K, Hlilbk=K KixZETHZLICLoT,
T ORSEDEAREGD Z LN TED, Mag, Mpa & E, Ko, Kk, Oa, O ZHNTEE, (10 )
The moment My as external force can be replaced by the end moment Mag at the end A in member AB. Similarly, the
moment Mg as external force could be replaced by the end moment Mga at the end B in member AB. By considering the
relative stiffness K =1 ¢, the standard rigidity Ko and the relative stiffness ratio k = K,/Ky , the fundamental equation
on slope deflection method could be inducted. Describe the end moments Mag and Mga by using E, Ko, k, 84 and 6g. (10

marks)



(5) 24V TRTAREEIRXY 2B 25, M 2-1@)DOFREREZFIHL T, Mag, Ma% E, Ko, Kk, Oa ZHWTEA,
(10 &)

A statically indeterminate beam is shown in Fig.2-4. From the results of Question 2-1(4), describe the end moments Mag

and Mgy by using E, Ko, k, 4. (10 marks)
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Figure 2-4  Statically indeterminate beam

(6) IR 2-1(5)DFERZ AT, 8 AB O A SaOM UGN Ke %, E, Ko, kK ZHWTHEE, (G 5)
From the results of Question 2-1(5), describe Ke by using E, Ko and k. Ke denotes the end stiffness of member at the
end A in member AB. (5 marks)

(7) HBHF AB @O A ST — A N Map D352 Bz 8 &, ZHUTL > T B Sl E L DMUHE— A > N Mpa
ZEEET— A N EMES, BE2-10)DFEREZHNT, ¢ = Mpa/ Map RO L, F72, ZTORFD ¢ DR
AT EMESDF L2 E Y, (10 A1)

When the end moment Mag at the end A in member AB is given, the end moment Mga as the carry-over moment occurs
at the end B. Calculate the factor ¢ =Mga,~'Mag based on the results of Question 2-1(5). Write down the technical term of
the factor c. (10 marks)
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Question 2-2  Answer the following questions related to structural mechanics of a continuous beam under the influence of

moment M as external force at the supporting point B as shown in Fig.2-5. (Subtotal 30 marks)

o))

@)

®3)

m
p 0,=0 s ksc 0c=0 p

7 — 3. NayTn v ©
B

2-5 EHEEXD

Figure 2-5 Continuous beam

A

AT AB O B SGOMUGE— A >k Mpa, 35K U¥BH BC O B I iE— A > b Mec &, THLEILE, Ko,
kag, ksc, O DHFNOMEZRE DAEHNTEYE, (10 )

By using applicable symbols in E, Ko, kas, ksc and 65 , describe the end moments Mga and Mpc. Mga denotes the end
moment at the right end B in member AB. Similarly, Mpc denotes the end moment at the left end B in member BC. (10

marks)

B RIZKITHE—AL FO#ID EVAZE, Mea, Mpe, m ZHNTEYE, £/, 72bhM 0%, E, Ko, ks,
ksc, m ZHWTEE, (10 &)
Describe the equilibrium equation of moment at the supporting point B by using Mga, Mgcand m. In addition, describe

the deflection angle O by using E, Ko, kas, ksc and m. (10 marks)

e —A Y N Mpa, Mpc%, Kap, ksc, m ZHWTHRYE, (10 )

Describe the end moments Mga and Mgc by using Kag, ksc and m. (10 marks)



IRE S JHEEMIEICETOUTOMICER LS, (Gl 60 L)

Question 3  Answer the following questions about a steel structure. (Total 60 marks)

IEE 3-1 X 3-1 17281 AN T—XK
VEEREIN K T) Py, Py ESRE TN 22T B,

ZOLE, | BEOKESE 2HE O X, 2
ERHEOKMEE H2 OE S L35, kORI
B2 IR SV, I LC, HEEREZ RS

Zk
N— o

(35 5)

Question 3-1 This problem deal with the steel

moment resisting frames subjected to the vertical

load, N and seismic forces, P, and P,. The points

of contrary flexure are 2/3 of story height on 1*

story and half of story height on 2 story,

respectively. (35 marks)

(1)

@)

€)

X 3-1 OZAEOFEWTH 2 X 3-2 &35 4
DRERIENE o LTDH, ZDLEED X
HHE] D ORI Z,, BYEWTHERE Z
EROIRI W,

Calculate elastic and plastic section modulus,
Zy, Zpy of the column with the yield stress, oy

as shown in Fig. 3-2.

55 1 FERED BRSNS Ny (2 %E 2 1R )
Ny (=2N)D bt NNy 23 1/3 O & %, Bl %
ER LT, HEORBRRE—A L b My KDY
BYEMEE— A 2 h M 3R L,
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Fig. 3-1 Steel Moment Resisting Frame with 2
story and 1 span

N

B4 3-2 AW
Fig. 3-2 Column Section

Calculate the yielding and full plastic moment, My;, M. with this axial force, when the axial

force of the column on 1* story, N;(=2N) is equal to third part of the column yielding strength,

Ny.

KFEAPREL 2D &, RIFHITE—A L MCXDERZLE LT, ZOFBEIZED XD
REG, PURT 5 L L BICRICHRIAE X,

When frame carries the large seismic force, buckling of the beam occurs due to the flexural

moment. Explain and draw this beam buckling mode.



4 HEBRERT D L OFEAWAN, it —2A 2 MRZR#ES RSV, TOEE, %18k
OV 2 J8 D gt AW 11 O e N R ORESR O B £ — A > R % Mye, My, Pi, P2, N,
Ny, HD 5L, BERGGEZH - CTRE, 72720, HEDNERT HRNICRILRROEE %
HELRVWbDET D,

When column yields first, draw the story shear forces and flexural moment distributions, and
represent the values of story shear forces on 1* and 2™ stories and the flexural moments at end
of beams and columns using any symbol of Myc, My, P, P2, N, Ny, H. Then the beams yielding

or buckling never occurs before the column yields.



fEiRE 3-2 KOMIZEZ RSV, (25 /)
Question 3-2 In this problem, explain about the steel structures. (25 marks)

(1) REHHAMERE FIEZHWT, SFREAWIGHE 2R,

Represent the allowable shear stress, fs using design strength, F.

@ WM/ ELL2BBEFEEHREBIZEBIT S I —8 20 BRKREMAEKX
0, —0,0,+0, +31, =0, Zefifi o TR &,
Explain the relationship between fs and F, using the equation of von Mises yield criterion on the

plain stress condition, o} -o,0, +0, +37; =0, .



4 Bih=r7 ) - FPBECHEHTLIUTOMICELRSV, (G 60 1)

Question 4 Answer the following questions on reinforced concrete structures. (Total 60 marks)

MR8 4-1 (30 .5)
Question 4-1 (30 marks)

(1) #EERA Ol 1T O O£ — A > b Mer i3, 2L T OB
KCHATEDL, ZORMEARLEDOLIICLTED iy

nam, S LRSI, 1
2
M, —f B0, ND (4-1)
6 6

2T, a7V — o5 KEME, B, D : W
O, Ev N,
Cracking moment of a column can be approximated by
Eq.(4). Explain how Eq.(4-1) can be obtained.

2
M, = f, AL (4-1)
6 6
Where, fi: tensile strength of concrete, B, D:
sectional width and depth, N: axial load. 4-1
Axial load N
Q) MO IFRFBE—A Yk Myld, K 4-1 1277 & 1

DICH ) N ORESICEVE(T D ERMONT
Wo, OO A RTIE, AEWEN O T)E OS5
I EDE DA D PEI LA S, A
It is well known that ultimate flexural moment of a |

column varies in accordance with axial load N as shown
in Fig. 4-1. Explain stress distribution on the column .

>

section for Point A in Fig. 4-1. Flexural moment M

(B) X 4-1 T, HOHH S N Na LD KEWEHE, Na LV
INE WA FNFERNIZOW T, EA O kMR Fig.4-1
AN ED XL IR D SH LS,

Explain differences in failure behavior and deformation
capacity of a column under axial loads higher and lower
than Na.



iRE 4-2 (30 /)
Question 4-2 (30 marks)

(1) HEH O IFELS LT ABBEEI IO OWTHEZEBFZHA LRI W, £, 2 Eh
ODEﬁi%ﬁF;%L FLEDITEEDE I RMBRALPRA LS, 220, Wik
WHEIXEZ 720 2 kkﬁ‘%’)

Explain collapse behavior and mechanism of flexural and shear failures of a column,
respectively. Explain effective countermeasures for improvement of flexural and shear

strengths without change in sectional dimension.

(2) B 4-2 2R T Wi ~Hik - AR — O AL HEB LIRS 22 2 AW I KT P AE
FALTWS, KEAP ZHRAICHINSELEEIC, —HFORENE AR EE. )72 dh
L, REEEROKEN-ZERBERO 77 70z EZ RSV,

A structure, shown in Fig. 4-2, consists of columns A and B with the same sectional dimension
and reinforcing arrangement, and rigid beams. One of the columns failed in shear and the other
failed in flexure under increasing horizon force P. Draw a graph of horizontal force P —

displacement relation.
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h, A Y h, Column A % l
\\\\Iﬂﬂ n\ \é\\\a\B\k\

\ =S \\\\\I\QJ\\\S‘?{Q&

X 4-2 Fig.4-2



5 EFEMOMERFHIEE T 5L FORMIZE X RS, (G40 &)
Question 5 Answer the following questions related to structural design of buildings. (Total 40 marks)

(1) BUATO HARDMIEZFHEMECISNT, D @ OIS B TR ERA KM ) 2 K% Z
ENTED. ZOEBEZHP LS (10 /).
Explain the reason why the required horizontal load bearing capacity can be reduced for a highly ductile

building in the current seismic code provisions in Japan. (10 marks)

Q) HEMEDOBEBEFMNHLHmIZBA L L, RAVHMEME LV bREFHEMAEO TR E <
KEHNZ R D Z e D, T OFH A MESML & BANELOMHEIZHEASWTHBA LSy (10 ).
Explain the reason why wind-induced loads happen to dominate earthquake-induced loads when the height of
a high-rise building exceeds a certain height on the basis of characteristics of earthquake and wind excitations.

(10 marks)

() =7 U — FOEMFFAIC N, JEMN L TIIRWFFAICIED 2 %, AW LT3R
RIS ED 15 EOERHWSEND. DX, FUMBHZEWT, IGHEOERG IR T
TRRLZLZERPHVONLHAEZHI LS (10 7).

Allowable unit stress for temporary loading for a concrete material is 2 and 1.5 times as large as allowable
unit stress for long sustained loading for compression and shear stress, respectively. Explain the reason why

different safety factors are used for the same material depending on the directions of the stress. (10 marks)

(4) HEWOMEHRFHIIBWT, HBRHIRFE OB NET LIZD, HOIC K-> TREN RN
2O LN ERRDHNTND., ZOHBZFHH LRSI (10 4).
Explain the reason why earthquake resistant design of structures demands avoiding concentrated inter-story

drift in a specific story and torsional deformation owing to eccentricity in an earthquake event. (10 marks)

10



B 6 (F 80 &)
Question 6 (Total 80 marks)

fEIRE6 — 1 (/G40 45)
Question 6-1 (Subtotal 40 marks)

6—1 1%, 2011 4F 3 A 11 HIZFEAE U7 Bdb s R -rE R O BRIZHRR B HUZ & 21l5 BRAT & i
HARIZ & 2 EIHT0 R BT CRLIA S 7o MR BLAIGC ek O FE AL 7 17 D BHELR LN E A7 h v (s 5%) %7
L72bDTh D, MPITiE, EEZEEERICLDLRRADIGEART FABHEOTZDITRLTH
Do LFOMIZE A K, 72720, EIMEEIL 1000cm/s? & L, REIZHIz> T, BtAllolz AT b
IEZEFLRT 56D LT 5,

Fig.6-1 shows pseudo velocity spectra (damping factor of 5%) of strong ground motions observed at Sendai

station on diluvium site, Oroshimachi and Nagamachi on alluvial sites during the March 11, 2011 Tohoku
earthquake, together with design spectrum (Safety limit) by MLIT. Answer the following questions. In this case, the

gravity acceleration is assumed to be weight is assumed to be 1000cm/s* and describe the spectral values which you
read from the figure.

(1) [FEAEFE 0.5 BoEMA SN 1 EARTT VICER L, £OEES 50,000kN & L7=H4A. e
BRETICERE SNAEE L HTICRE SN 2SS @& YIcEI T Ic/ERT 28 Al 2 BEY

£ (10 /)

Consider an equivalent SDOF system of a building with natural period of 0.5s and weight of 50,000kN.
Calculate shearing force of the building when it is constructed in Sendai station and also in Oroshimachi.
(10 marks)

(2) ALEBRETE RETICR T 28 3 WO OINELEMZHE L, B L8888 OERANT by (%
2RF)  (80cm/s) (ZxT DA DAL LTOURYE, (10 &)

Calculate displacement of a building with natural period of 3s constructed in Sendai station site and also in
Nanamachi site. Please describe the results as ratio to displacement corresponding to the Safety limit
velocity spectra of 80cm/s. (10 marks)

(3) RHENZHEBI 1B O@EM%Z 2 L L CTRET 256, 2WA ML M ORI L CHEZE L7220
ECT DO FTA R vay - Valfy MHICRODONAERREEZFERT L (10 £,
Consider a case that 2 buildings with natural period of 1s are constructed adjacently in Nagamachi site.
Please determine necessary clearance of expansion joint to avoid a collision. (10 marks)

(4) HHETIZIT2EH 1 HoEY) (B 5%) ([TREREE 2N Lrgdt)7 m o2 &M ERETIC 5
FORICEMOEFERLELL DL IICTL2OICLERMEELZBEERE LTHEEE X, =
L ISEARY PVOREEMIE Pk THEA LN bDET D (10 K1),
Calculate necessary damper addition of a building (5% damping) with natural period of 1s in
Oroshimachi site so that its displacement equal to displacement of the same building in Sendai station

site. Describe the calculated damper addition is described as damping factor. In this case, the damping
compensation coefficient described in the following equation (1) is applied. (10 marks)

Fr=1.5/(1+10A) (1)

11
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Fig.6-1 Pseudo velocity spectra of strong ground motions observedin Sendai City during the 2011

Tohoku earthquake
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Question 6-2 Please answer the following questions on disaster prevention. (Subtotal 40 marks)

() 7 =F a— N LEFEEE, EWEOBREIC S VTR~ X, (20 /)

Please explain the relationship between magnitude and hypocentral distance and building damage. (20 marks)

(2) RFGIHES) & EYPEE ORI W TR~ X, (20 &)

Please explain the relationship between long-period ground motion and building damage. (20 marks)
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