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1. Two cylindrical shells of different thickness are subjected to an internal pressure loading. Please find the
radial deflection of the common circumference between the two shells. (25 %) The formulas are
provided in the following table.

In this problem,

®  Thickness of the larger outside diameter cylinder, to, is 2 inches
Thickness of the smaller outside diameter cylinder, t;, is 1 inch
Modulus of Elasticity (same for both cylinders) is 3x107 psi
Inner Radius (same for both cylinders) is 19.5 inches

Radius to midplane of the small cylinder, Ry, is 20 inches
Poisson’s ratio (same for both cylinders) is 0.3

Internal pressure is 100 psi

Formulas for discontinuity stresses and deformations atthe junctions of shells and plates.
NOTATION: B, = radius of common circumference; AR, is the radial deflectionof the common circumference, positive outward: ¥4 is the rotation of the meridian at the common circumference, positive
as indicated. The notation used in Tables 11.2 and'13.1-13.8 is retained whereposaible with-added subscripts 1and 2 used for 18ft and right members, respectively, when needed for clarification. There
are gome exceptions in using the notation from the other. tables when differences: secur from one tahle to another

1. Cylindrical shell connected to-another cylindrical shell. Expressions a¥e securate if Rjt>5. E, and E, are the moduli of elasticity and w and vz the Poisson's ratins for the left and right

ta 4 R, <linders, respectively. See Table 13.2 for formulas for D; and i,. Ri=Ry, by =Ry ~1,/2, and a, = R, +1,/2.
L M, f Similar expressions hold for by, ay, Dy, and 4.
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o e by Ri| Ry by o =T '
: A ! S
Loading and case ne. 1oad tering Selected values
1la. Internsl* pressure g LT bR, For internal pressure, b; = by (smooth.internsl wall), £y = E,, vy =¥ =0.8, and for R/t > &.
: A= -
L - gR gR ;
~b, R E, AR, = E'_Rf Kasar Vo= E——; Kea: o2 =%Ka
X ! . LTy = . 1h 1h 1
q E'ltz
- - B(bl -5 faz—b, 4’ !
LT, =201 %) oy Ryt
LTy =6, Lyy=0 to :
Note: There is no axial load on . g g U — by Lo 10 15 20 30 50 100
the Joft cylinder. A amall axta) | LT =Byt - 1) 25
load on the right eylinder | 11 00542 0.0688 0.0808 0.1007 0.1318 0.1884.
ba]a.nt‘:es any axial pressure an ] . ‘1.2 0.1066 0.1353 0.1689 0.1981. 0.2593 0.3705
the joint. For an enclosed _ At the junction of the two cylinders, K 16 0.2574 0.3269 0.3843 0.4791 0.6273 0.8966
prt:.ssure vesael superp‘oﬁe an Vi = ati K. M 2 £ N =0 2.0 0.4946 0.6286 0.7392 0,9220 1.2076 1.7264
axial load P = gnb? using 1 '"Zt{ Vs t = ¢hliuy, = 80 : 11361 1.3956 1.8667 2.1840 a.12s1
case 1b. ARy =31 (LTas — Kiny Cuny — Enes Cam).
4T E, e T At — S ban 11 0.0065 0.0101 0.0137 0.0208 0.0852 0.0711
Yy = %(chw + Ky Cay) 12 0.0246 0.0382 0.0518 0.0790 0.1334 0.2695
Ky 15 0.1295 0.2012 0.2730 0.4165 0.7038 1.4221
2.0 0.3891 0.6060 0.8211 1.2535 2.1188 4.2815
8.0 1.4312 1.9436 2.9691 5.0207 10.1605
1.1 0.9080 0.9232 0.9308 0.9383 0.9444 0.9489
1.2 0.8715 0:3853 0.8922 0.8991 0.9046 0.8087
Kana 1.6 0.7835 0.7940 0.7992 0.8043 0.8084 a.8116
2,0 0.6765 0.6827 0.6857 0.6887 0.6910 0.6927
o 0.5285 0.5283 0.5281 0.5278 0.5275
11 -0.1618 —0:20568 —0.2412 -0.8008 —~0.3984 —0.5620
12 -0.2862 ~0.3633 ~0.4269 ~0.5321 —0:6965 —0.9952
Ky, 15 ~0,6028 ~0.6380 —0.7516 —0.8372 -1.2275 —1.7547
2.0 —0.5889 —-0.7501 —0.8831 ~1.1026 —1.4454 ~2.0676
3.0 -0.6118 ~-0.7216 ~0.9026 ~1,1850 ~1.8971
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2. A desktop universal testing machine is shown in the following figure on the left. During the tensile test
within the elastic range, the crosshead moved up to pull the specimen, and the displacement, D, of the
crosshead was recorded. At the same time, the physical quantity Q that the load cell measured was also
recorded. When the test started, the initial displacement D was zero, and the initial length of the
specimen between the two grips was Lo (Lo > 120 mm). The displacement D gradually increased from
zero until the test ended when the specimen was about to have permanent plastic deformation. Only the
two quantities, D and Q, were recorded in the tensile test, and their relationship could be seen in the
figure below. Two sheet metal specimens, Specimen X and Specimen Y, were made according to the
dimensions shown in the following figure on the right. Both had the same thickness 7. Specimen X had a
uniform width of 12.5 mm throughout its length, and Specimen Y had a uniform width of 12.5 mm in the
middle portion and a uniform width of 20 mm at both ends.
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(a) What does the load cell measure? (5 4+)

(b) What 1s the unit of strain? (5 %-)

(c) Please describe how to obtain the Young’s modulus for the specimens used in the tensile test. There is no
need to discuss the unit of the Young’s modulus here. (5 %)

(d) Which specimen, Specimen X or Specimen Y, can be used to obtain more accurate Young’s modulus
under the condition described in the problem? Why? No explanation will receive zero points. (5 %°)

(e) Why is the type of Specimen Y, not the type of Specimen X, the most common design of the tensile test
specimen for sheet metal? (5 %)
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3. B (B2 )[ELEENT £FF H:iBi]
(1) Which of the following items are zero in both Plane stress and Plane strain conditions in the xy plane?
G (BE - FEELHAES)

€] Tx;v () Y yz © sz
@ ¢, @ O, ® Vx

(2) About strain energy, which ones are true? (5 %) (Bi& » ELA £2H 4 HED)

(2) The strain energy is equal to the work done by the load if no energy is added or subtracted in the
form of heat.

(b) The strain energy of a structure supporting more than one load can be obtained by adding the
strain energies obtained for the individual loads acting separately.

(c) The strain energy recovered during unloading is called the elastic strain energy.
(d) When the material is linearly elastic, strain energy is a linear function of loads.

(¢) In most beams, in which the lengths are much greater than the depths, the strain energy of shear
may be disregarded.

(3) Ahollow shaft and a solid shaft, constructed of the same material, have the same length and the same
outer radius R. The inner radius of the hollow shaft is 0.6R. Which one has greater strength-to-weight

ratio? (5 4%)

(4) A circular tube and a square tube are constructed of the same material and subjected to the same torque.
Both tubes have the same length, same wall thickness, and same cross-sectional area. Which one has a

greater stiffness against rotation? (5 4+)
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(5) Defection at the end A of the beam in the following cases, which one is larger? (5 %°)

(2)

(b)

4. A cantilever beam OA of span length L=9 m is loaded by a uniform load of intensity ¢ = 4 AN/m and a
concentrated load P = 6 kN (see figure). The concentrated load acts at a point L/3 from the left-hand end
of the beam. The beam has a circular cross-section of d= 150 mm.

(1) Draw the shear-force and bending-moment diagrams for this beam. (15 %)

(2) Determine the maximum tensile stress in the beam due to bending. (10 %+)
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