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STRUCTURAL DYNAMICS (CLOSED BOOKS AND N OTES)

1. A frame structure shown below consists of a rigid horizontal member BC of mass
m supported by two vertical members each of whose bending stiffness is EI.
Neglect the effect of the weight of BC on the stiffness of the vertical members.

Determine the equation of motion.(25%)
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2. A single degree of freedom system has an undamped natural fregue cy of of 5 rad/s
and a damping factor of 20%. It is given the zero untlal displacement whlle the
initial velocity is 20 in./sec. Determine the damped natural frequency, and
determine the expression for the system for t > 0. (25%)

3. A simplified model is to be used to study landing impact of a light aircraft. The
landing is modeled as a lumped mass with a linear spring representing the landing
gear.(see the Fig. below) The mass m has a vertical descent speed of V when the
spring touches the ground. Call the time of contact t = 0, and let u(0)=0.

(a) Determine an expression for the vertical position of the mass as a function of,

time during the time that the spring remains in contact with the ground.

(b) Determine the time at which the spring loses contact with the ground upon

rebound.(25%)
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(a)Determine the equations of motion of the system shown below.

(b)Determine the natural frequencies and mode shapes of this system.(25%)
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a. Present Serviceability Index (PSI)# Present Serviceability Rating
(PSR)Z B1% (10%)
b. PSI # Pavement Concllition Index (PCDZ £ £ (10%)
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a. Resilient Modulus (Mr)#z Modulus of Elasiticity (E)x & & 4
FE? (10%) - |

b. WAIDFIEAAM LA ? BHE? (5%)
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4. ShiE it

a. FREBTF 7 C4iktk > XX AASHTO MBI ERGRE
CBR of subgrade soil = 5
~Besign ESAL = 12000000
Load transfer = aggregate interlock
Base course = 10 inch of granular
Modulus of rupture of PCC = 675 psi
Shoulder = tied PCC shoulder
EFEHTR > RO ERE (15%)
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Qualifying Examination (Finite Element Method)
1. A 10-unit force acts on point Q in the plane bilinear element shown in Fig.1. What the
load vector {r.}sy; results?
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Fig.1

2. Use the 1 by 1 and 2 by 2 Gauss rule to approximate I over the rectangular region shown
3+x°

inFig2. I={ ey
‘[Order n Sémpling point Weight factor
1 0 2 '
2 - +1/43 1

3. Evaluate [J] (Jacobian matrix) and det[J] (determinant value) for each of the three
elements shown in Fig.3. Also computer the ratio of element area to the area of a square two
units on a side. How is this ratio related to det[]],'and why?
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4. Prove the two-dimensional beam element stiffness as follows. The element degrees
of freedom are shown in Fig4. You must begin with the definition of shape

. dw
functions (w =2’ +a,x* +ax+a, O=-""=32x"-2a,x-2,).
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