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Chapter 1
1.1

(a) Using two elements

A(y)=0.25-0.0125y

A;=0.25in? Ay =0.18751in’
Ay =0.125in?
K, -+t HE
“ 20
6 1000 Ib
K, = (025 +0.1875)104x107) _ 1o 0 I
2(5) n
6
K, - (0.1875+0.125) 104 x10°) _ 3,5 109 }_b
2(5) n
1 0
ﬁlf)’f —% u 0
10°| =455 455+325 -325|u,t={ 0
0

325 325 |U4) (1000

u, =0, u,=0.002197in u, =0.005274in

(b)

A;=0.25in?

9

A, =0.234375in? e

A;=0.21875 in*

A, =0.203125in?

8, (8)/

As=0.1875in’ S
Ag=0.171875in> MI, Ib
A;=0.15625 in*

Ag =0.140625in’

Ay =0.125in?
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1.1 Cont.

Ib Ib Ib
K, =2015000 — K, =1885000 — K5 =1755000 —
m m m
Ib Ib Ib
K, =1625000 — K5 =1495000 — K¢ =1365000 —
m m m
Ib Ib
K5 =1235000 — Kg =1105000 —
m m
r 1 0
2015000 | —2045000
2015000
;ia}%ﬁﬂﬁj 41885000 | 585000
1885000
~1885000 ~1755000
+1755000
1755000
~1755000 ~1625000
+1625000
1625000
~1625000 ~1495000
+1495000
1495000
~1495000 ~1365000
+1365000
1365000
-1365000 ~1235000
+1235000
1235000
~1235000 -1105000
+1105000
~1105000 | 1105000

i
U
L]
Uy
Us
Ug
g
g

Uy

1 =0, 1, =0.00049628, u; =0.0010268, u, =0.0015965, us =0.0022119,
1g =0.0028808, 1, =0.0036134, ug =0.0044232, uy =0.0053281 in.

y (in) exact defl. Two-element eight element
0 0 0 0
1.25 0.00049645 0.00049628
2.5 0.0010272 0.0010268
3.75 0.0015972 0.0015965
5.0 0.0022129 0.002197 0.0022119
6.25 0.0028822 0.0028808
7.5 0.0036154 0.0036134
8.75 0.0044259 0.0044232

10.0 0.0053319 0.005274 0.0053281
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1.2

(1052”2) (3)(3.27x10%)

K. =K<=
1 5 6
K, = K5 = 18,393,750 2
m

10.5+9

( j(3)(3.27><106)
K2 = K4_ =

6

_(9)3)(3.27x10°%)
- 4
1 0

—18393750

K

%

a =] o

3

1b

=15,941,250 —

Ib

=22,072,500—

m

m

18393750
0 +15941250

—-15941250

15941250
+22072500

-15941250

—22072500

22072500

22072500
+15941250

—-15941250

—-15941250

15941250
+18393750

—-18393750

0
~2.71831x107
~5.85483x107
(u) = s (in
~8.12009 x 10~
~1.12566 x107*

~1.39749x 107

-18393750

3 _ (-8.12009x 107 +5.85483) x 10~ x (3.27 x 10°)

4
o =18.5Psi C

18393750
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1.2 Cont.

as a check:
e® - F 30 e sp
A 93
o= (“i+1—”i)E
/
_ -5 6
O (—2.71831x 10 0)(3.27x10") _14.8Psi C
6 -
_ —4 (§)
5 _ (—1.39749 +1.12566) x 10" x (3.27x10”) 148 Psi C
6 —
as a check:
ol =50 = % = 10 5??2 =14.8Psi C
(' j(3)
2
(2) _ (-5.85483+2.71831) x 107 x (3.27 x10°)
G =

=17.1PsiC

S _ (-1.12566 107 +8.12009x107)(3.27 x 10°)

=17.1Psi C
6 e ——
as a check:
@ =@ :%:% ~17.1Psi
( & j@
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1.3

; X
/ == | 2c”
K =Ky - (0.08)(0.006)(68.9 x 109) @) ky
0.025
3 o

K, = K5 =1.32288x10° N
m 3)

’ . . 3a.

_ (0.02)(0.006)(68.9 x10°)
0.1

K,

=~
X =
= <0 AAA

K, =0.08268 x 10’ N
m

i 1 0
132288 —132788 iy 0
9 0 l/lz _ 0
107 —_1.32288 1.32288 + 0.08268 —0.08268 w71 0
—0.08268 0.08268+1.32288 —1.32288 ||
uy,| 1800
i —1.32288 1.32288 |
1.40556 —0.08268 0 Uy 0
~0.08268  1.40556 —1.32288 |Juy = 0
0 —1.32288  1.32288 | |uy 1800x 1072

1y =1.360668x10°m 13 =2.313135x10° m  u, =2.449202x10° m <

(1.360668 x 107 —0)
0.025

o = E% —(68.9x10°) — 3750000 = 3.75 MPa
y F__ 1800N

as a check: (! =
A (0.08)(0.006)

=13.75 MPa

(2.313135x 10~ —1.360668 x 10~°)

o =B " _689x107) —15MPa <
1 0.1
as a check: 0@ = ﬂ = Pa
(0.02)(0.006)
_ _ -5
oM Uy —uy _ (68.9x 109) (2.449202-2.313135)x 10 _ 375 MPa

0.025
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14

6 o
K =K, - (4)(0.125)(28 x 10°) T b {
2 < ky 1\1
K =Kg=7x10° ,13 LT [ 1L “2
mn
6 ky k3 4 ks \ B2uow =Kot kst ket ks
K,=K;=K,=Ks= 0.625 )(0‘125)(28 <107) 2 =4k
S 3§
K, =273438 2 ks > e =58
mn T 4
lb ¥ 500 1b I
(K5) e = (4)(273438) =1093750 —
m
- . B}
7/«1’6( —Zx10° " 0
0 6 6 I/lz 0
—2xT0°  7x10° +1093750 -1093750 w010
3
-1093750 1093750 +7x10° ~7x10° ||, | 500
I ~7x10° 7%10° |
[ 8093750  —1093750 0 0 0
~1093750 8093750 —7x10° [{u3 =4 0
0 —7x10°  7x10° |lus) (500
1y =7.142857x107 in 13 =5.285714x10*in u, =6x10~*in o
— _5 1
5 :E[uz u1):28x106 7.142857x10in | _ 000 1b
‘ 2 in’
as a check: o) = F = _ 00 =100 1—b2
A (4)(0.125) in
_ -4 -5
e :E(% uzjzzgxmé 5.285714x 107" —7.142857 x 10 :16001_192 —
4 8 in
as a check: o® = 00 =1600 1o
(2.5)(0.125) in?
B -4 -4
SO _p( M=) g 6| 0X107 —5.285714x107 ) | b
14 2 in?
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1.5

=

¥ Ib
Ky =7X10° 2

Ib

in

ky =1093750

_ b
ky=7%10° 2

P=5001b

Kl(uz - ul) — Kz(u3 —UZ) =0

Kz(l/l3 —UZ) — K3(u4 —u3) =0

K3(u4 —u3)—P=O

In matrix form:

K, K, w) [-R
-K, K,+K, -K, uy| |0
K, Ky+K; —K;|lus[ |0

Ky  K; ||luy] |P
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1.6

Size of the global matrix: 5 x 5

OO @
(K1"=[5 -5|® (KI”=[8 8@
{—5 5 }@ -8 8 }@
@ @ ®
K1Y=[5 -51@ (K1Y =[ 20 -20]Q2
[—5 5 }@ |20 20}@
® @ @ ©
K1¥'=[10 -10]B) (K1 =[20 -20]@)
Lo 10 }@ {—20 20 }@
- B _
5 5+8+5+20 -8-5 —20
[K]© = —8-5 8+5+10 -10
~20 10 20+10+20 -20
] ~20 20 |

applying B.Cs and loads; u; =us=0 F,=101b, F,=101b

38 —13 —20](u,] (10
“13 23 10 uz =10
20 10 50 ||uy] |10

1, =0.962in uy=0.874in 1, =0.760in —
Node 1: )
S e 0| R =5(0.962-0)=481b
I —
Node 5: :
Kty 1) — g Ry =20(0.760—0) =152 Ib
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1.6 Cont.
K(l/l4 — MS )

note also as a check, R +Rs= ZFextemal 4.8+ 152=10+10
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1.7

- _
150 0
588 | 588 T,
-5.88 | 5.88+2.27 —2.27 T,
-2.27 2.27+10 -10 T3
150 -10 10+0.581 —0.581 T, 3
-0.581 0.581+0.781 —0.781 T a
—0.781 0.781+2.22 -2.22 Ty
-2.22 222+147 | -147||T;
7 1
_ 50 |
10
12.04
17.31
18.51
(1) = F S
39.12
54.46
59.85
68
q =UAAT
— (1.47)(150)(68 — 59.85) = 1800 B
g=(147)(150)(68 ~ 59.85) =1800 ~ —
or as another example:
Btu
q =(0.781)(150)(54.46 —39.12) =1800 F
or
1 150)(68 —10 Btu
g=—"—"""A"T,-T,,)= (150X ) =1800 —
ZResmtance 0.17+044+0.1+1.72+1.28 +0.45 + 0.68 hr
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1.8

s | o
. =588
588 [588+123| —123
123 1234076 076
150 076 |0.76+0053 | —0.033
20053 |0053+222| 222
220 | 2224147 | 147
L O ﬁ i
20

20.37

22.12
(T}=124.95°F =

65.57

66.54

63
q =UAAT
as an example:
g = (147)(150)(68 — 66.54) = 320 %
or
1 150)(68 — 20 Buu

=S Resistance o) =7 0.81(+ 1;(2 19 +)0.45 c068 0 hr
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1.9

with the help of a psychometric chart, using
a dry bulb Temp. of 68 °F and ¢ =40%,

we identify condensation temperature to be /
42°F. Thus condensation will occur between 42°F gl

surfaces 4 and 5.

68°F
dry bulb Temp.
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1.10

wo | o
347 | AT
-1.47 | 1.47+0.053 —0.053
1000 —-0.053 0.053+2.22 -2.22
-2.22 222+1.47 | -1.47
L " m .
16.81
{T}=166.99;°F <
68.19
q =UAAT
as an example:
Btu
—

q = (1.47)(1000)(70 — 68.19) = 2660 T

or

Btu

q = (1.47)(1000)(16.81 —15) =2660 —

hr
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1.11

. _
225 0
588 588 T, 20
5y 5| 588 5884256  -2.56 T,| |0
' 256 2.56+1.47 —147||T 0
47 147 || I) |70
0 1
L 25 |
20
26.85]
{T}=
42.59
70

q =U,AAT = (5.88)(22.5)(26.85 — 20) =910 Bu

or as another example:

q=U,AAT =(2.56)(22.5)(42.59 — 26.85) =910 Bu

or
- AT, -T. )= ! (22.5)(70 — 20)
K D Resistance 7 (0.17+0.39+0.68)
Btu
—910 ——
q hr {
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1.12

(A, = (As), :(%jﬁ) - (3)%(0.5)2 =33.161in>

_(105+9)

(Ay)e = (A == (3)—3%(0.5)2=28.661in2

(A), =(9)3) - 3%(0.5)2 =26.411in>

161)(3.27 x10° 1
(K,), = (Ks), = O3AOVC2TX10T) _ g 75 74510
6 in
6
Ky, = (Ky), = (28.661)(3.27 x10°) 15,620,245 2
m
26.411)(3.27 x10° b
(Ky), = 20ADB2TxI0T) ) 59 g9y 10
4 in
T 2 6
(3)(4} (0.5)%(29 x 10%) b
4 2 6
(3)(4) (0.5)%(29 x10%) b
(K3), = = 4,270,602 —
4 in
The Combined stiffnesses:
K, = K5 =18,072,745 + 2,847,068 = 20,919,813
K, = K, =15,620,245 + 2,847,068 = 18,467,313
K3 = 21,590,992 + 4,270,602 = 25,861,594
. 1 . i
20 813 | 2 813
20,919,813
-2 81 -18,467,313
0 +18,467,313
18,467,313
18,467,313 -25,861,594
+25,861,594
25,861,594
25,861,594 -18,467,313
+18,467,313
18,467,313
18,467,313 20,919,813
20,919,813
-20,919,813 | 20,919,813
=0 Uy =—4.78016x 107> in 13 =-1.01951x107* in

iy =—1.40618x10™ 15 =-1.94768x10" in ug =—2.42570x10* in
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1.12 Cont.

0 ity —1y)  (3.27x10°)(—4.78016x10) _ Ib

o =F = =26—C
Concrete c / 6 in2

O-S(lt;el = E, M =231 k C

1n

as a check:
G (A, + oD (A, = (26)(33. 161)+(231)(3)( j(o 52 =10001b
el :EC[% —uzj: (3.27x10°)(-1.01951x 10~ + 4.78016 x 10~) _30£c
14 6 in?
ol? =231— b - C

lIl

Check: 0% (4,), + oP (4y), = (30)(28. 661)+(231)(3)[ )(o 5)% =10001b

S0 _ p a—uz) _(3.27x 10°)(~1.40618 x10™* +1.01951x10™) Ib

’ -32=C
! 4 in?
6 4 4
0_53) _E, (uy — é u3) (29x107)(—1.40618 ><410 +1.01951x107") 280%C
in

Check: 6V (43),. + 0¥ (43), = (32)(26. 411)+(280)(3)( j(o 5)% =10001b

@ _ g (s—uy) _ (3.27x10°)(-1.94768x 10" +1.40618x10™) __ ~ 1b

o = =30—C
c c / 6 1n
o =231— b - C

lIl
_ 6 -4
ok (g —us) _ (3.27x10°)(2.42570 +1.94768) x 10 _261_b2C
/ 6 in
b

a§5)=231m—2c

M _ 5 @ _ 54

note o, ) and lop as expected.
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:%(“iﬂ—”i)z

A = AP + AP + AD L AD L AG)

A
AV =20 ]2)2 =1~ 1) e 12); =ty g~ )

— (Al)c ;_Z(AI)S S ( _ul)z
(33.161)(3.27 x 10%) + 3( j(o 5)%2(29x10%)
AW = (—4.78016 x 10)? = 0.024 1b-in
(2)(6)
or
(33.161)(3. 27><106)+3( j(o 5)%(29x10°) J
A = =[(=2.4257 +1.94768) x 101> = 0.024
(2)(6)
A(Z) _ (AZ)C 2';(‘42)3 s (Lt _”2)
(28.661)(3.27 x10°) + 37.(0.5)2(29 x 10°)
= 4 [(~1.01951x10™* + 4.78016 x 107>)]?> = 0.027
2(6)
or
(28.661)(3.27 x 10%) + 372.(0.5)2(29 x 10%) J
AW = 4 —[(~1.94768 +1.40618) x 10*1*> = 0.027
2(6)
A + (A
A® - B E 2g( 5By 4y —uy)
(26.411)(3.27 x10%) +37.(0.5)2(29x10°)
A® = 4 [(—=1.40618 +1.01951x 107*]?

2(4)

=0.0191b-in
Atora = (2)(0.024) +0.019 + 2(0.027) = 0.1211b-1n e
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1.14

R,

(2) Oy My =0
(=6 1b)(5in) + (35 1b)(6 in) + F, (8 in) = 0
F,=301b
F =KX 30b=60X X=05in <—

(b) | ST
— + *
= — 5 3 -
‘gX Gl ) -
) m
or_ 0§ 0 2% p g
Ou; 0wy {5 "

St )l ofoe
s of

3 5
_ (35)(4j +(6) (8}
60
X =0.51n —
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1.15

L=I
L v T Vi 4
—_— ¥y ® —
2 R 1
_1 7 —1 7, /.
L=%V2—V) Li=5(V2—Vy)
(or)
B: abeesace v, I
2 R 1
L=1w,-v) L=Lw,-v)
=g V2=V 1= RV Y

Because of the fact that charge is conserved in a circuit (Kirchhoff’s current law), at any time,
the algebraic sum of the currents entering any node must be zero. Thus we can write

1

I :E(VI_VZ)
1

=2 V=W)

In matrix form:

chn it
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1.16

10mA® 00 < 150 <

o_1[1 -1
K 5{—1 1}

o_1[1 -
K 10[—1 1}

111 -1
[K]® = _{_1 } Apply V5 =0 as a boundary condition

15 1
1 1 0
51 1 151 1 1 " 001
—— —+—+—= ———-——|{V,t=7 0
55 10 15 10 15

| X Vi 0
0 - I J/_@/A/

0 15 15
. 0 ]
V,=0.11 V, =0.06
Vi =V, =0.05 Volts o

V, — V5 =0.06 Volts o
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1.17

~< 1 >

dY M(X) wX(L-X)
ax?> EI 2EI

av 1 [WXZL wXSJ
a1 - +C

ax 2EI | 2 3

I {WX3L wx?

= +CX +C,
2EI{ 6 12

Applying Boundary Conditions:
Y=0 @ X=0 (C,=0

3
y=0 @ x-1 ¢--2L
24FE1
-wX 3 2 .3
Y =— (X" =-2ILX"+L
exact 24EI( ) <:|

2
(a) Note that the assumed Solution satisfies the boundary conditions. Y = C, {(%j —(Iﬂ

&G
ax

> L
d*y 2
x2 G (?J
2C, _wX(L—X):R
I2 2EI

. L
We may force the error function to equal zero at X = )

wk(p-L
2620 2)_, wL*

2 2EI ' 16E1
y oLt (zj ) (zj
16EI|\ L L —
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1.17 Cont.

L
(b) J.RdX =0
0

L

2 X(L—X
J'ﬁ_—w ( ) dX =0

12 2EI
0
2, w[L L _wL
127 2EIl 2 3 Yy

-G -

For W24 x 104 Beam 1 =3100in*; E=29x10° —
mn

Exact
b 1ft 12in )
. —5/5000  x —— || 20 ftx j
—SwL ft 12in ft .
max — 3R4F] = b =—-0.201n
(384)(29><106. 2)(31001114)
m
Collocation
b 1ft 12in}*
. —| 5000 " x =~ || 20 ftx
—wL ft 12in ft .
max — 64El = b =-0.241n —
(64)(29 x10° 2] (3100in*)
in
Subdomain
b 1ft 12in )
. —| 5000 x || 20 ftx
—wL ft 12in ft 0.16i
= = =-0.161n
M 96El

96)( 29x10° 12 (3100 in4)
in?
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1.18 See Section 1.7

1.19
d’u_ dp
du 1 dP - H
—=——Yy+q y
dy udX A 7
)2 .z | .
u(y)=——=—+qy+c
) LdX 2 1y +e
applying B.Cs u(0)=0 and u(H)=0
2
0=0+0+c¢, and Ozld—PH—+c1H
ndX 2
C2:0 and C]:_id_P
2u dX

1 dpP )
=——~ (Hy-
u(y) 2de( y=y7)

. o dP ) . .
note because Pressure drops in the direction of flow, X <0 in velocity equation.

d’u dP

. (7y
(a) E = d_X Uassumed = €1 SN (E]

note the assumed solution Satisfies the boundary conditions.

du d . (ﬂyj V4 (ﬁyj

_ Cl Simn| — - Cl —COS| —

dy dy H H H

d’u d T (ﬂy] (”jz . (ﬂy]
— =—|¢qcos| — | |=—¢| —| sin| —=
dy- dy\ H H H H

We may force the error function to equal zero at y =

(ﬁjz . (72' Hj dP
Ul —c| —=| [sin| —— |—-—=0
H H?2) dX

c ——H—zd—P then, u( )——H—Zd—P sin(ﬂj
Yt dx BT P ax H A

H
2
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1.19 Cont.

H
2 V4 dP
pe| £ | —cosZ2 | — g =0
H)| 7 H dX
H 0
V4 dP
Zi-ny=HgZ
HG H( ) X
2 2
2umr dX 2ur dX H
For Comparison, let’s use:
ﬂ=0.02N—'S; H=00lmm=1x10"m; 9L __1x108 P2
m? dX m

H
evaluating max vel. @ y = ?

Exact

Upax =— ——— =0.
max 2/1 dX

2 2 8 —51\2
1 dP{H(Ej_[Ej J:_Ld_PH __CIxI0hax105? o om
2udX 4 (8)(0.02) s

Collocation method

H

2 T— 2 5.2, 8
umax:_sz_P sin 2 :_sz_P:_(lxlo )°( 12X10):0.05E
ur” dX H ur” dX 0.02)x S

Subdomain method

2 ﬂﬁ 2 512 8
w = AP G T oA AP (A0 )TCEIXI0) ) g m
2umr dX H 2ur dX (2)(0.02) S
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1.20

(a) Galerkin method

i V4 AN dP
J.sin(—y) u _Cl(_j sin 22 |- £2 dy=0
0 H H H | dX

V% V4 apr V4
—uC (—j J sin’ [—yjdy =— sin(—yJ dy
H 0 H dX 0 H

— H H
—_ C(l]z l _;Sin 2_72- j —d_P _LCOS 1 j
1w )27 L{zzj H” ax| 7 \u’
L H 0 H 0
7Y (1 H dP
—uCi| — | | =H |=———(2
H I(Hj 2 ) V4 dX( )
2 2
C1:_4H3 ar then, u(y)=——4H3 d—Psin(ﬂj —
ur” dX ur” dX H
(b) least-squares method
R
R ey
H H 2 ' 2
JRa—Rdy=Isin[ﬂj Y7 —Cl(lj sinﬂ—d—P —,u[ﬁ) sin 22 dy=0
0 oC, 0 H H H dX H H

2 2
__AHdP . u(y) = 4H dPsin[ﬂj

e d T P d H —
using values from Problem 1.19 for comparison
~4H? dP_ —4(1x107)*(~1x10°
Umax = 3 v (dx )(3X )20.06E <
ur” dX 0.02)7 S
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1.21

d’y __PX
ax?>  EI
ﬂ_ix_z L X i
ax El 2 ! = ~ |
3
p
=———+¢X +c
El 6 | 2
_ dy _
B.Cs@y(L)—O,@d—XX:L—O
_-PL o e P
@ El2 ' 'R
L I? P( 1.,
0=-P—4+ 2 14+C, Cy=—o—=
© 6 EI2 22 EI( 3 j
P 3 2 3
yexactzﬁ(—X +3LX—2L) <:|

In terms of x: Substitute for X = L—x and simplify

P

= (~(L-x)’+3*(L-x)-2D
Yexact 6EI( ( x) ( x) )

Yexact =6_Zl(x3 _3L2x) <

dy
B.Cs y(0)=0 and —=
S y( ) an I

=0

x=0
) 2 3
Let us assume: y, imed =X~ +CrX

note, the assumed solution satisfies the boundary conditions.
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1.21 Cont.
dy _ 2cpx+ 362x2
dx
2
d_g} =2¢; +6cyx
dx
then Residual R becomes:

R =EI(2¢; + 6cyx) + P(L - x)

Subdomain method:

L L

2 2
[Rax=0  [[EIQc +6c,x)+ P(L-x)ldx=0 (1)
0 0

L L

[Rax=0  [[EIQ¢, +6c,0)+ P(L=x)ldx=0  (2)
5 5

Integrating (1):

@2 o L(g)_@

Simplifying:
3 3PL
2c;+—c)L=—— 3
V2T aE )

Integrating (2) and Simplifying:
9 PL
c+—c)L=——— 4
"4 8EI @
Solving (3) and (4) Simultaneously:

c——ﬂ and c —i
Y 27 6EI —

P 3 2
= (X’ -3Lx
y 6EI( )

note, because the assumed solution has the same functional form as the exact solution, the
coefficients are exact.
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1.21 Cont.

Galerkin method:

L L
jﬁRdx=o Ix%EH&ﬁ+6Q)+PUfaﬂkh:O (1)
0 0
L L
jﬁRdx=o jx%EKmq+6Q)+1%L—xndx=0 2)
0 0

Integrating and Simplifying (1) and (2), we get:

20430 =-PL 3)
317, 12E1
2T ST 0k )

Solving (3) and (4) Simultaneously

C ——ﬂ n C —i (|
Y 27 6El
P 3 2
=——(x" —3Lx
y 6H( )
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1.22

1 >
Jy=Jy=—nart {1 ) 24 @ [3¢ ®) 4T
2 l .

4 Y - 1N
Ji=J3= %ﬂ(%j =0.497 in* ’

1 (1Y}
Jy= —n(—j =0.0982in*
272

(K10 =[K1® = E{l —1}:(0.497)(9.8“06){1 —1}{202942 —202942}

-1 1 (2)d2) -1 1 —202942 202942

(K| = (0.0982)(11.2 x 106){ 1 —1} { 61102 —61102}
(1.5)(12) -1 1 —-61102 61102
- . _
202047 202942 ) 0
;29%926 202942+ 61102 61102 91 0
2

-61102 611024202942 | —2029742 0, 12400
0

202942 20%92694 0

0 1
6,=0 6,=0.002222rad 6;=0.009604rad 6, =0

Ry = K3(6; —0) = 202942 0.009604 =1949 Ib-in /| v o

R = K(6, —0)=202942x 0.002222 = 451 1b-in \._/ 344 upt0 2400 Ib-in
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1.23

264044 —61102][6,] (1200
—61102 264044 |65 ] |1200

6, = 6, =0.005913 rad —

R =R, = K,(6, —0) = K5(65 —0) = 202942 x 0.005913 =1200 Ib-in
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1.24

A;=0.5in”

A, =0.4375in>

Ay =0.3125in?

Ay =0.4375.(0.5)(0.125)
—0.375in>

Ay =0.3125-(0.5)(0.125)

Y

@ [ 5

1500 1b

without the whole:

A®) = (4 — 0.2)(0.125)

=0.5—-0.025y
l/tl 0

l/tz _ 0

l/t3 B 0

g |1500

=0.25in’
10"
A, =025in?
K= Aang
(05+04375j(106 106) .
~1,987,500 —
1n
(0375+025j(10.6><106) .
= 662,500 —
1n
(03125““025](10.6“06) .
=1,192,500 —
m
B 1 0
1987500 —1,987500
- 500 | 1,987,500+ 662500 —662500
0
—-662500 662500 +1192500 | —1192500
~1192500 1192500
u =0 u,= 7.5472x10* in uz =0.003020in  u, =0.004277 in
—4
oM = 10.6x10%)| 1247210 "1 _ 4500 E
2.5 in?
o 1500 b
as acheck: o = 055104375 =3200 2
2

5

_ 4
SO _ (10.6“06)(0.00302 7.5472x10 J

1500
0.375 + 0.25)
2

check: o? = (

in

4800 £

1n
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1.24 Cont.

o — (10,6 106 Q004277 ~0.00302) o Tb.
25 in?
1500 .
heck: 0@ =— 20 _5300P
e o = 03125+ 0.25 .
2
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1.25

Springs in Parallel : — .
F=F +F,+F 3 3, = 3
=1 + 2 + 3 %ki }))kz ék:; § ke
k,x =kix + kyx + kyx — L | |
ke:k1+k2+k3 1 '

]
~

Springs in Series

x=x1+x2+x3

F F F F 2k, Y
k, ki ky ks . %
X, k
NNt "3 S
k— 1 X ;\gks Ve
¢ 1 1 1 o o
kl k2 k3 \l 2
F F
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1.26

1
ke = 1 1 1 —

+ +—
ky +ky+ky kyt+ks kg
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1.27

From Table 4.1

3
x L
3EI
F=3gx
L
k=3
3
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1.28

E,A,
L,

E. I, 3E\I F AE,
lF Ly | L,

A3E3

L S B

1 E3 Ay i

Ly
3E I, AE AE
K, =20h Al | Al —

L L L

Note, deflection of each spring is the same, therefore, springs are in Parallel.
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1.29

EZ.AZ
Ly |
F 4851’1%? F % AEy
Ev, b, Ly Li s % L,
" e}

>
Ej, Az S L

From Table 4.1, the K, for the beam is:

48E,1
(K¢ beam = 31 !
L
n L L

Note, deflection of each spring is the same, therefore, springs are in parallel.
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1.30

/ koxy
\j ZMO =0 - —
“FL+ (K,%,)(2L) + (K )(L) = 0

Note x, = 2x; and simplify

e
S

F
X =— O/’.; > R,
'TuK, 1 K, — fi
n "I/l’ 7
ﬂ:ZA(e)_ZEui =g kg
e=1
1 1 1 1

1

0
5)61
L F
"4k, + K, =
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