Final Exam
12/21/2021

1. (5 pts each)

(1) @ the determinant of the Jacobian relates the parametric differential volume to the physical differential

volume (dQ=|J|dD ), @The inverse of Jacobian converts the parametric gradient to the physical

. 0 i
radient (—=J —)
J ox oo
(2) [strong form] governing equation must hold at each point over the span (r(x) =0), [weak form] relax that

condition so that it is satisfied only in an average sense (J = Ir(x) v(x) dx=0)

2. (5 pts each) RAFHO| A Z=AD SFESE=HO| HEE 0O &

Partial credit for

finding only the two
symmetry lines if

BCs & loads are comrectly
treated (see next figure)
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Full credit for this solution

3.
ki —k, 0 0 10 -10 0 0
—k k+ky+ky —k —k -10 25 -10 -5

M= 2B 2 K=10° (10 pts)
0 —k, ky 0 -10 10
0 k, 0 K 0 -5 0 5

10 -10 O O

(2) K =10° DR N T Sl (5 pts)
- 0 ~10 10 0 reduced ~ -5 5 p

0 -5 0
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4. (B0 %EIHEPE) =HE 7] E0{L= I8 2.
2 2738519 154 2N 2 siE (oD HE

L B4l ( .001 70><109) e I
oL |-l -1 1] ~|=70 70
(1) . (4 pts
B, -1 0004)(70x10) 1-1]_ o[ 280 280
A 1 -1 1| [-280 280
70 =70 0 70 =70 0
(2) K=10°| =70 70+280 —280 |=10°|-70 350 —280| (4pts)
0  -280 280 0 -280 280
iy
g, = pAg =(2700)(0.001)(9.81) = 26.49 N/m ’ 13.25
(3 {1 o ' ' ' SE={Bh Bh L J66o0ln (5 pis)
4, = p, 4,2 =(2700)(0.004)(9.81) =105.9 N/m 2 2 5205
9L,
2
70 =70 0 |{w)] ([1325+R
. [ 350 2807 (u,] [66.20
(4) 10°( =70 350 —280 |[1u, ;=1 6620 +—>10 =
~280 280 52.95

0 280 280 ||u, 52.95

1.702
51l m (4 pts)
" 1.891

(5) first row: 10°[ 70(0)~70(1.702x10°) +0(1.891x10°°) | =13.25+ R, — R, =—132.4N (5 pts)

—u .

o = 170210 o, = g, =(70x10")(1.702x10) =119,000Pa

(6) : N (4pts) (D
"y 0189%10° = E,5,=(70x10”)(0.189x10™* ) =132,000Pa
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5. AN 9SO M SHETH beam(E)0| CHSH O =0l
(1) g=—100N/m, I =2m
1 -100
1 —100N -33.3
—1
1 6 —-33.3Nm -200
f ==—gql = dpts) > F = 4 pts
2T _1oon [(4P) o [(4)
—ll 33.3Nm -100
6 333
v(x) = Nd — 3rd order
dv  dN
2) (4 ptseach){8(x)=—=—d — 2nd order
(2) (4 pis cach) {0(x) = 2 = &
d*v
M(x)= El—== EIBd — 1st order
x
¢ 0D.0076
[oge 15 ~0. (SC‘ 9(&)) s 5f°ﬂe ¥
V() (Y] Wste Hhat slene 15 ~0.007¢ oy
e
z X (m)
.0 T — 2rd order E"l r\amﬁf
- i t-\/z Sinte vk)=Nog ‘and ¥ 3

3r;l erdt-,
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> third .')dr'ﬁ =8 M
— :
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i Oof;f‘ \ Nite that slope 15 ¢ lose to zeco (M(o) iz elose 4o pers)
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6. (5 pts each)
()N, =¢,(n-1)(E-1)é >N, (-1,-1)=—4¢, =1>¢ =—%—>Nl =—i(n—1)(§—1)§ (4 pts)

4: 1 . OK .
S| 2
edgel N, (f = 1) (7] 1) — linear «—— two pOlIltS

(2) compatibility . (4 pts)
edgel-5-2: N, (n=-1)= —5(5 —1)¢& — quadratic «—*— three points

6
(3) completeness: ZNi =1 (3 pts)

i=1

(4) r=min(n, —ng,3n;)=min(12-3,3n;) = n; =3 (4 pts)
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