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. (25%) A small one-story reinforced-concrete building shown in Fig. 1(a) is idealized as a
massless frame supporting a total dead load of 5000 kg at the beam level. Each 250
mm-square column is hinged at the base; the beam may be assumed to be rigid in flexure; and

E =30 GPa.
(a) Determine the natural vibration period of the building (note: the lateral stiffness of a
column hinged at the base is k = 3EI/L?) (10%)

(b) Determine the peak (pseudo) acceleration and displacement responses of this structure to
ground motion characterized by the design spectrum of Fig. 1(b) scaled to 0.2g peak

ground acceleration. (5%)
(¢) Determine the peak base shear. (5%)

(d) Draw the bending moment diagram resulted from the peak responses obtained above.
(5%)
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2. (25%) A base-excited lumped-mass, shear-beam type 2 degree-of-freedom system has the
natural periods, {T}, modal participation factors, {I'} and mode shapes, {¢}, shown in Fig. 2.

(a) With the information provided, do you think it is possible to determine what is the

) . . 0 ; ; .
associated diagonal mass matrix, M = [731 - ], and the associated stiffness matrix,
K= [kl_‘:: kz ;kz]? If so, how would you calculate the elements of each matrix? (15%)

(Hints: (Dnatural frequency w, = 2m/T, is obtained from the eigenvalue problem

(K wiM]-¢,=0 ; @ I,=L,/M, ; where [, =3 ,m;¢, and
= $W 2

lmfm — z)=17ﬂv} }“)

(b) If you conclude that the information provided is not sufficient to determine unique values
of [M] and [K], then what additional information is needed? (10%)
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3. (25%) Consider a based isolated single-story building with weight of 300tf and 200tf for the
super structure and base, respectively. The dynamic characteristics of the system identified

from eigen analysis are given as
T =20sec : & =10%° ¢, =[1.041 1.000]
T,=025sec ; & =5%: ¢, =[-0.641 1.000]

The site-specific design spectrum in terms of S, is defined as:
0.6

abD =
S

:% 1.0sec< T <2.5sec

1
where » the damping modification factor B, and B, are summarized as *

S 0.2sec <7 <1.0sec

Effective damping & (%) By B,
5 1.00 1.00
10 1.33 1.25
20 1.60 1.50

Perform response analysis with SRSS synthesis to derive :
(a) Maximum displacement of the base ( 10% )
(b) Maximum story-drift (5%)
(©) Maximum shear force in the isolation system  (10%)
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4. (25%) The system shown in Fig.4 consists of a spring-mass (k, M) and a pendulum of
length / with a mass m suspended from its center of gravity. Represent the degrees of
freedom in terms of u for the spring-mass and ¢ for the pendulum. Don’t assume
small displacement,

(a) Find the total potential energy of the system including the strain energy in the

spring and the potential energy gain due to gravity at the displaced position. (5%)

(b) Find the kinetic energy of the system. (5%)

(c) Write the virtual work done (5 ) by the external forces () at the positions shown
(see Fig. 4) in the displaced position due to virtual displacements () and define
the generalized non-conservative forces (Q). (5%)

(d) Write the equation of motion of the system using the Lagrange’s equations. (5%)

(e) If the rotation & is considered to be small, write the linearized equation of motion

in a matrix form. (5%)
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1. The beam is subjected to a uniform dead load of 1.2 kN/m and a single live load of 40kN. Use

the influence line method to determine (a) the maximum moment created by these loads at C,
and (b) the maximum positive shear at C. Assume A is a pin, and B is a roller. (25%)
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2. Draw the influence line for the force in member CO of the Baltimore truss. (25%)
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3. Two absolute rigid bars connected by a hinge at point B and supported with two springs of
stiffness £ and ak, as illustrated in Fig. 3. Taking the vertical displacements u, and u,

respectively at B and C as the degrees of freedom of the system,
(a) Plot the free-body diagram of the assumed shape and specify the reaction forces in the
springs. (5%)
(b) Write the stability equations by taking moments with respect to support 4 and internal

u
hinge B, respectively, and express them in a matrix form as 4Au=0 where u ( ‘J.
U,

(10%)
(c) For nontrivial solutions wuof the stability equation, find the possible critical loads and the
corresponding deformed shapes (5%)

(d) If a=2,whatis the critical load and the corresponding deformed shape that would first
occur? (5%)
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4. Design diagram of a nonsymmetrical three-hinged arch is presented in Fig.4. Construct the

influence lines for
(a) Thrust H. You need to specify the peak value of H.  (10%)

(b) Bending moment M, at section k using the nil point method (5%)

(c) Shear force Q, at section k using the nil point method (5%) [You need to specify the
angle ¢, on the design diagram]

(d) Axial force N, at section & using the nil point method (5%)
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(a) &8 £ #14+4% (buckling-restrained brace, BRB) = &Z3F -

(b) M4 RBIAHE S ) S 2 BEE o R E A B 2 A -
(c) 3&F A R 2428 R H#HE A 17 Ik TR A a9 317

(25%)

4 4& A8 45 2k 4 4B 45 22 (Special Moment Frame, SMF) » £ Zir 88 A 9 835 AW AT 7
P -

(a) 2AILHEMESE B AR EFERE S HIE > RRA A A LR -

(b) HRALRHE YRR -

() 28K $AEP B A X o) BAIETE - B E D WL RE L RHEE o

(25%)

K EE | BT EMEREE My R BHET®HEE Mp o
(25%)
.
H200x150x5x10
Material:

A992 Steel for top flange.
A36 Steel for web and bottom flange.

L ]

& 1

4w 272 EBF #22 » X E & T 5|58 o
OEEFELETTEAVEEYE 210
(b) HAZLER BN T N 2R RA G LR
(c) 3HMAAEATAREAR B IR AT EREEFE -
(25%)

4 ft
A=A W27xs4 (A36)

12 ft
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14 ft
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a. RPBHEAHARLIIEAMHBELRIZHHNER REAMEERZER -
b. HRMAATEF @4%4F-F @ (Plane sections remain plane) - it

TRREE M
c. fTR-FHsAmL > UEHRE A  REF2X ERAAH AN SN TEEAH e > ¢
Mg 2 SALETE

d. RBRATZEFEIEZIRE  RARAEXEREIBRTFO LSILERARLET
PR 4% 4T

e. REHE2 - SEEHE > ENELEVEEALRRA N LEHHint: 654 4
#71 etc)
(25%)

2. A—REMEBXMAHRRELG X R B AT Caf=280(kgf fem?) »
fpc=2800(kgf fem®) » o EBRAZHHEERFRE(AE B E)wy =250/MRFEHE
wy = S5(tI/m) 2 AF A 3K F S 42353 ob 2 36 £ AR 40cm 2 100cm & 2 5 /48 45 R 3B -
a. EFdAZN20tf 2%t h
b. £ E R ZN,=00tf 2%t EH
c. (25%)

V. =0.531b.d{+

4{}(4 )

£

)

N
V.=0.531b d(] +—~
< '\/7:_ 4 ( 354

A,

40om

e~
- = 55cm
700cm K Di3 ]
3-D29

D10 d,=0.95 cm, 4,= 0.71 cm?
D13 d,=1.27 cm, 4,= 1.27 cm?
D32 d,=3.22 cm, A,= 8.14 cm*
D36 d,=3.58 cm, 4= 10.07 cm?
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