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14-1. Determine the stiffness matrix K for the assembly.
Take A = 0.5in? and E = 29(10%) ksi for each member.

Member 1:

Member 2:

Member 3:

Assembly stiffness matrix:

510.72
0
—201.39
0
—154.67
—116
—154.67
116

k, =

kz_

K; =

4 -0
=~ =08
5 b
0.64
_AE| 048
60 | —0.64
—0.48

10 — 4
= =1
¢ ;
10
AE| 0 0
T4 0
0 0

4 -0
=~ =08
5 b
0.64
_ AE| —048
60 | —0.64
0.48

0 —201.39
174 0

0 201.39
0 0
—116 0
—87.0 0
116 0
—87.0 0

K:k1+k2+k3

3-0
A== =06
048 —0.64 —0.48
036 —048 —036
—048  0.64 048
-036 048 036
3-3
h=T =0
-1 0
0 0
10
0 0
3-6
A== =06
—048 —0.64 048
036 048 —036
048  0.64 —048
-036 —048 036
0 15467 —116 ~154.67
0 -116 -87.0 116
0 0 0 0
0 0 0 0
0 15467 116 0
0 116 87.0 0
0o 0 0 154.67
0 0 0 ~116

3ft

3 ft

6 ft

Ans.

494




© 2012 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently exist.
No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

14-2. Determine the horizontal and vertical displacements
at joint 3) of the assembly in Prob. 14-1.

I
3ft }1
Aot
3 ft
I

o 6 ft \

=}
~
Il
o O o o o o
=)
>
Il
| —
|
~ O
| S

Use the assembly stiffness matrix of Prob. 14-1 and applying Q = KD

0 [ 510.72 0 —20139 0 —154.67 —116 -15467 116 | [ D,
—4 0 174 0 0 -116 -87.0 116 -87.0 D,
0; ~201.39 0 20139 0 0 0 0 0 0
0| 0 0 0 0 0 0 0 0 0
Os | | 15467 —116 0 0 15467 116 0 0 0
Os -116 -87.0 0 0 116 87.0 0 0 0
0, -154.67 116 0 0 0 0 15467 116 0
| Os| | 116 -87.0 0 0 0 -0 -116 87.0 | | 0 |

Partition matrix
0 = 510.72(Dy) + 0(D,)
—4 = 0(D,) + 174(D»)

Solving
D =0
D, = —0.022990 in.
Thus,
D=0 Ans.
D, = —0.0230 in. Ans.
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14-3. Determine the force in each member of the
assembly in Prob. 14-1.

I
3th 4
I~ Enn
3 ft
L

6 ft ‘

From Prob. 14-2.
D1:D3:D4:D5:D6:D7:Dg:0 D2:7002299

To calculate force in each member, use Eq. 14-23.

Dy,
_AE _ Dy
ar =7 [y Ay Ay A Dy
D,
4 — _
Member 1: A, = 4-0_ 0.8; Ay = 3-0_ 0.6
5 5
0
AE 0
=—[-08 -0.6 0.8 0.6
T 17 [ ] 0
—0.02299
0.5(29(10%))
T= T (0.6)(—0.02299) = —3.33k = 3.33k (C) Ans.
10 — 4 3-3
Member2: A, = e " 1; Ay = e - 0
0
AE —0.02299
=—J[-1 0 1 0
=7 [ ] 0
0
=0 Ans.
4 — _
Member3: A, = 4-0 = 0.8; Ay = 3-6 = 06
5 5
0
AE 0
=—[-08 06 08 -0.6
=7 [ ] 0
—0.02299
0.5(29(10%))
B=""g (—0.6)(—0.02299) = 3.33k (T) Ans.
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*14-4. Determine the stiffness matrix K for the truss. Take

A = 0.75in% E = 29(10%) ksi.

0 -4 0 — 4
Member 1: A = = —0.7071 A, = = —0.7071
V) NV
0.08839 0.08839 —0.08839 —0.08839
K — AE 0.08839 0.08839 —0.08839 —0.08839
! —0.08839 —0.08839 0.08839 0.08839
—0.08839 —0.08839 0.08839 0.08839
4 — 4 0—4
Member 2: /\x:TZO /\y=T= -1
0 0 0 0
0 025 0 —025
ke =AE, 0 0
0 —-025 0 0.25
— 4 — 4
Member 3: A = 7-4 = 0.6 Ay, = -4 = —0.8
5 Y 5
0.072 —-0.096 —0.072 0.096
—0.096 0.128 0.096 —0.128
ks = AE -0.072 0.096 0.072 —0.096
0.096 —0.128 —0.096 0.128
Structure stiffness matrix
K = kl + k2 + k3
[ 0.16039 —0.00761 —0.08839 —0.08839 0 0 -0.072
—0.00761 0.46639 —0.08839 —0.08839 0 —0.25 0.096
—0.08839 —0.08839 0.08839 0.08839 0 0 0
—0.08839 —0.08839 0.08839 0.08839 0 0 0
K=A4E 0 0 0 0 0 0
0 -0.25 0 0 0 0.25 0
-0.072 0.096 0 0 0 0 0.072
0.096 —0.128 0 0 0 0 —0.096

Ans.
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14-5. Determine the horizontal displacement of joint 1)
and the force in member [2]. Take A = 0.75in?
E = 29(10%) ksi.

4t 3

0]
0
0 —500
D, = =
k 0 Qi { 0}
0
_0_
Use the structure stiffness matrix of Prob. 14—4 and applying Q = KD. We have
[—500] [ 016039 —0.00761 —0.08839 —0.08839 0 0 —0.072  0.09 |[ D, ]
0 —0.00761 0.46639 —0.08839 —0.08839 0 —0.25 0.096 —0.128 || D,
0; —0.08839 —0.08839 0.08839 0.08839 0 0 0 0 0
Oy | _ AE —0.08839 —0.08839 0.08839 0.08839 0 0 0 0 0
0Os 0 0 0 0 0 0 0 0 0
O 0 -0.25 0 0 0 0.25 0 0 0
0, —0.072 0.096 0 0 0 0 0.072 —0.096 || 0
L Os | L 0.096 —0.128 0 0 0 0 —0.096 0128 || 0 |
Partition matrix
{—SOO} _ { 0.16039 —0.00761“D1} N {0}
0 —0.00761 0.46639 || D, 0
—500 = AE(0.16039D; — 0.00761D,) (1)
0 = AE(—0.00761D; + 0.46639D,) (2)
Solving Eq. (1) and (2) yields:
- . —3119.85(12 in./ft
oo o8 U2/t ) 00172 in. Ans.
AE 0.75 in%(26)(10°) 1b/in?
-50.917
D, =
: AE
For member 2
A, =0, Ay =1 L = 4ft
—3119.85
AE 1 —50.917
@=—0 1 0 1% 0
0
= —12.731b = 12.71b (C) Ans.
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14-6. Determine the force in member if its temperature
is increased by 100°F. Take A = 0.75in%, E = 29(10°) ksi,
a = 6.5(107%)/°F.

(Q1)o 0 0
(QZ)O -6 -1 —650 —4
= AE(6.5)(107°)(+100) = AE (1074

(Q3)o 0 0

(Qa)o 1 650

Use the structure stiffness matrix of Prob. 14—4.

[ —500] [ 016039 —0.00761 —0.08839 —0.08839 0 0 -0.072  0.09 |[ D, |
0 —0.00761  0.46639 —0.08839 —0.08839 0 —025 0.096 —0.1280 || D,
0 —0.08839 —0.08839  0.08839  0.08839 0 0 0 0 0
0, | | T008839 —0.08839 008839  0.08839 0 0 0 0 0
0s 0 0 0 0 0 0 0 0 0
Qs 0 —0.25 0 0 0 025 0 0 0
0, —0.072 0.096 0 0 0 0 0.072  —0.096 0

L Os | | 0.096 —0.1280 0 0 0 0 -0.096 01280 || 0 |

0
—650
0
+ AE SSO (1079
0
0
— 0 -
—500

——————— = 0.16039D; — 0.00761D, + 0
(0.75)(29)(10°)

0 = —0.00761D; + 0.46639D, — 650(10~°)
Solving yields

D, = —77.837(107%) ft

D, = 1392.427(106°) ft

For member 2

A=0, A, =1, L =4ft

~77.837
g = %9)(106)[0 1 0 —1] 139%'427 (107%) — 0.75(29)(10%)(6.5)(10%)(100)
0
= 7571.32 — 14137.5 = —6566.18 Ib = 6.57 k(C) Ans.
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14-7. Determine the stiffness matrix K for the truss.
Take A = 0.0015 m? and E = 200 GPa for each member.

The origin of the global coordinate system will be set at joint (1.
0-2 0-0

Formember [1],L =2m. A, 5 -1 A 5 0
56 7 8
1 0 -1 0]5
~0.0015[20010)]| 0 0 0 0|6
o 2 -1 0 1 017
00 0 0]8
5 6 7 8
150(10% 0 —150(10% 05
= 0 0 0 016
—150(10°) 0  150(10°% 0 |7
0 0 0 0]8
For member [2], L = 2 m. )\X=¥=—l )xy=¥:0
1 2 5 6
1 0 -1 0]1
~0.0015[200(109] | 0 0 0 0|2
2 2 -1 0 1 0[5
00 0 0]6
1 2 5 6
150(10%) 0 —150(10%) 0|1
= 0 0 0 02
—150(10% 0  150(10% 0|5
0 0 0 0]6
For member [3,L = 2\/2m. Ax:u: —ﬁ )\y:ﬂ: —ﬁ
2V2 2 2V2 2
1 2 3 4
0.0015[200(10°)] 05 -05 -05 05]1
;== =05 05 05 -05]2
2V2 -05 05 05 -05]3
05 —-05 -05 054
1 2 3 4

53.033(10°)  —53.033(10°) —53.033(10°%)  53.033(10°%)

=| —53.033(10°)  53.033(10°)  53.033(10°) —53.033(10°)
—53.033(10°%  53.033(10°)  53.033(10°% —53.033(10°)
53.033(10°)  —53.033(10°) —53.033(10°)  53.033(10%)

AW N =
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14-7. Continued

For member [4],L = 2m.

2-2 2-0
M="mm =00 Ay =mo =1
5 6 3 4
0 0 0 0]5
~0.0015[200(10)] {0 1 0 —1|6
‘e 2 0 0 0 0]3
0 -1 0 1]4
5 6 3 4
0 0 0 0 5
=10 150(10° 0O —150(10% |6
0 0 0 0 3
0 —150(10% 0  150(10% |4
For member [5 |, L = 2V2 m.
L_0-2_ V2o 2-0_ V2
R AVA) 27 2 2
3 4 7 8
05 05 -05 -05]3
y :0.0015[200(10")] 05 05 —-05 —0514
> ) -05 -05 05 057
-05 -05 05 05]8
3 4 7 8
53.033(10°) 53.033(10°)  —53.033(10°) —53.033(10°%) |3
= | —53.033(10% 53.033(10°)  —53.033(10°% —53.033(10°) |4
—53.033(10°%  —53.033(10°)  53.033(10%)  53.033(10°%) |7
53.033(10%)  —53.033(10°)  53.033(10°)  53.033(10°%) |8
For member [6|,L = 2m.
0-2 2-2
=—"=—1 == = _
Ay 5 A, 5 0
3 4 9 10
0.0015120010%] | 1 0 "L 03
=5 | 00 0 04
-1 0 1 019
00 0 0]10
3 4 9 10
150(10% 0 —150(10% o0 | 3
= 0 0 0 0| 4
—150(10% 0  150(10°) O | 9
0 0 0 010
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14-7. Continued

Structure stiffness matrix is a 10 X 10 matrix since the highest code number is 10. Thus,

1 2 3 4 5 6 7 8 9 10
[203.033 —53.033 -53.033 53033 —150 0 0 0 0o 0]1
53033 53033 53033 -53033 0 0 0 0 0 0]2
~53.033  53.033  256.066 0 0 0  —53033 -53.033 —150 0|3
53033 —53033 0 256066 0  —150 —53.033 -53.033 0 0|4
~150 0 0 0 300 0 ~150 0 0 0|5, .

0 0 0 ~150 0 150 0 0 o o|61”) Ans.

0 0 ~53.033 -53.033 —150 0 203033 53033 0 0|7

0 0 ~53.033 —53.033 0 0 53033 53033 0 08

0 0 ~150 0 0 0 0 0 150 09
L0 0 0 0 0 0 0 0 0 0]10

*14-8. Determine the vertical displacement at joint 2

and the force in member [5 |. Take A = 0.0015 m? and
E =200 GPa.

Here,
r 0 ] 1 2m
-30(10%) |2 07
0 3 018
Q= 0 |4 Pe=lo]9 —
0 5 010
L 0 |6
Then, applying Q = KD
T 0 ] [203.033 —53.033 —53.033 53.033 —150 0 0 0 0 0] Dy ]
—30(10%) —53.033 53.033 53.033 —53.033 0 0 0 0 0 0 D,
0 —53.033 53.033 256.066 0 0 0 —53.033 —53.033 -150 O Dy
0 53.033 —53.033 0 256.066 0 —150 —53.033 —53.033 0 0 D,
0 | —150 0 0 0 300 0 —150 0 0 0 (10%) Ds
0 0 0 0 —150 0 150 0 0 0 0 Dy
05 0 0 —53.033 —53.033 —150 0 203.033 53.033 0 0 0
Osg 0 0 —53.033  —53.033 0 0 53.033 53.033 0 0 0
Qo 0 0 —150 0 0 0 0 0 150 0 0
L Ow 1 L O 0 0 0 0 0 0 0 0 0 10 ]
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14-8. Continued

From the matrix partition, Q, = K;,D,, + K{,D, is given by

0 | [ 203033 -53.033 -53.033 53.033  —150 0] D, 0
—-30(10% —-53.033  53.033  53.033 —53.033 0 0 D, 0
0 | —53.033  53.033  256.066 0 0 0 (10 Ds 0
0 —-53.033 —53.033 0 256.066 0 -150 D, 0
0 -150 0 0 0 300 0 Ds 0
I 0 0 0 -150 0 150 | | De| | O]
Expanding this matrix equality,
0 = [203.033D; — 53.033D, — 53.033D; + 53.033D, — 150Ds](10°) 1)
—30(10% = [—53.033D; + 53.033D, + 53.033D; — 53.033D,](10°) )
0 = [—53.033D; + 53.033D, + 256.066D5](10°) 3)
0 = [53.033D; — 53.033D, + 256.066D, — 150D](10°) 4)
0 = [-150D, + 300Ds](10°%) (5)
0 = [-150D, + 150D4](10°) (6)
Solving Egs (1) to (6),
Dy = —0.0004m D, = —0.0023314m D; = 0.0004m D, = —0.00096569 m
Ds = —0.0002m Dg = 0.00096569 m = 0.000966 m Ans.
2 2
Force in member [ 5 |. Here A, = f%, Ay = f% and L = 2V2m
Applying Eqs 14-23,
3
0001520001001 [V2 V2 V2 V2 4
a)r V) 2 2 2 2 Jlol7
0]8
= —42.4kN Ans.
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14-9. Determine the stiffness matrix K for the truss.
Take A = 0.0015 m? and E = 200 GPa for each member.

The origin of the global coordinate system will be set at joint (1.

4 -8 0-3
For member ,L =5m, A, = 5 =—08 and A, = 5 = —0.6
1 2 5 6
064 048 —064 —048]1
_ 0.0015[200(10%)] | 048 036 —048 —036 |2
! 5 -0.64 —048 064 048 |5
-048 —036 048 0366
1 2 5 6
384 288 —384 -28811
_| 288 216 -288 -21.6|2 (109
-384 -—288 384 288 |5
-288 -21.6 288 2166
For member [ 2], L = 4m, )\x=44;8=—1and /\y=38320
1 2 3 4
1 0 -1 0]1
~0.0015[200(109] | 0 0 0 0|2
2 4 -1 0 1 0|3
00 0 0]4
1 2 3 4
750 =75 0]1
_ 0 0 0 0]2 (105
=75 0 75 013
0 0 0 04
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14-9. Continued

For member [ 3 ], L = 4 m, )\X=O; =71and)\y=3;3=0
3 4 9 10
1 0 -1 013
~0.0015[200(109]| 0 0 0 0 |4
o 4 -1 0 1 019
0 0 0 010
3 4 9 10
75 0 =75 0|3
|00 00
=75 0 75 019
0 0 0 010
4 - 3
For member [4],L = 3m, )\x:TZOand)\y: 3 =-1
3 4 5 6
0 0 0 0|3
. 0.0015[200(10)] |0 1 0 -1 |4
e 3 0 0 0 05
0o -1 0 1]6
3 4 5 6
0 0 0 013
0 100 0 —100 |4
= 106
0 0 0 0|5 (10%
0 —-100 O 100 6
(e 3-0
Formember [5],L =5m, A, = s = —0.8and A, = s = 0.6
5 6 9 10
0.64 —048 —0.64 048 | 5
_ 0.0015[200(10%)] | —0.48 0.36 048 —0361| 6
> 5 —0.64 0.48 064 —-048|9
048 —036 —0.48 0.36_] 10
5 6 9 10
384 —288 —384 288 |5
_ —28.8 21.6 288 21616 (10%)
—38.4 28.8 384 —-28819
28.8 —21.6 —288 21.6 |10
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14-9. Continued

0—4 0-0
For member [ 6 |, L = 4 m, /\X=T=—1and)\y=T=0
5 6 8 7
1 0 -1 0]5
_ 0001512000001 | 0 0 0 0|6
6 4 -1 0 1 08
00 0 0]7
5 6 8 7
75 0 =75 015
0 0 0 0|6
= 100
75 0 75 ols 10
0 0 0 0]7
For member [ 7], L = 3 m, /\x=¥=0and/\y=33;0=1
8 7 9 10
0 0 0 0]8
~0.0015[200(109] {0 1 0 -1|7
T 3 0 0 0 9
0 -1 0 1]10
8 7 9 10
0 0 0 0] 8
_ |0 100 0 1007 (109
0 0 0 019
0 -100 0 10010

Structure stiffness matrix is a 10 X 10 matrix since the highest code number is 10.

Thus,
1 2 3 4 5 6 7 8 9 0
113.4 288  —75 0 -384  -288 0 0 0 0o 1
28.8 206 0 0 -288 216 0 0 0 0 |2
~75 0 150 0 0 0 0 0o -75 0 |3
0 0 0 100 0 ~100 0 0 0 0 |4
~384 -288 0 0 1518 0 0 75 -384 2885
~288 216 0 ~100 0 1432 0 0 28.8 16| ¢ (100 Ans.
0 0 0 0 0 0 100 0 0 ~100 |7
0 0 0 0o -75 0 0 75 0 0o |8
0 0 ~75 0 —384 288 0 0 1134  -288 |9
L0 0 0 0 288  -21.6 ~100 0 -288 1216 10
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14-10. Determine the force in member |5 ] Take
A = 0.0015m? and E = 200 GPa for each member.

Here,
0o |1
—20(10%) | 2
0 3 0]s8
Qk = 0 4 Dk = 0 9
0 5 010
0 6
L0 |7
Then applying Q = KD
0 ] [1134 28.8 -75 0 -384  -288 0 0 0 0 ] (D]
—20(10%) 28.8 21.6 0 0 -288  -21.6 0 0 0 0 D,
0 -75 0 150 0 0 0 0 0 -75 0 D;
0 0 0 0 100 0 —100 0 0 0 0 D,
0 | -384  —288 0 0 151.8 0 0 -75 384 28.8 (10°) Ds
0 -288  -21.6 0 —100 0 1432 0 0 28.8 —-21.6 Dy
0 0 0 0 0 0 0 100 0 0 —100 D,
0 0 0 0 0 -75 0 0 75 0 0 0
Q 0 0 -75 0 —38.4 28.8 0 0 1134  -288 0
L Op J L O 0 0 0 28.8 -21.6  —100 0 —28.8  121.6 | L 0
From the matrix partition, Q;, = K{;D, + K;;D, is given by
o0 ] [1134 288 —-75 0 —-384 288 0 | D, ] [0]
—20(10%) 288 216 0 0 —288 216 0 D, 0
0 -75 0 150 0 0 0 0 D; 0
0 = 0 0 0 100 0 =100 0 [(10%] Dy |+ |0
0 -384 -288 0 0 151.8 0 0 Ds 0
0 -288 -21.6 0O —100 0 1432 0 Dy 0
L 0 | 0 0 0 0 0 0 100 | | D; | | 0]
Expanding this matrix equality,
0 = (113.4D; + 28.8D, — 75D; — 384Ds — 28.8D¢)(10°) 1)
—20(10%) = (28.8D; + 21.6D, — 28.8D5 — 21.6D4(10%)) ()
0 = (=75D; + 150D5)(10%) (3)
0 = (100D, — 100D)(10°) 4)
0 = (—38.4D, — 28.8D, + 151.8D5)(10°%) (5)
0 = (—28.8D; — 21.6D, + 100D, + 143.2D¢)(10% (6)
0 = (100D,)(10% (7)
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14-10. Continued

Solving Egs (1) to (7)

D, = 0.000711 D, = —0.00470 D5 = 0.000356 D, = —0.00187
Ds = —0.000711 D¢ = —0.00187 D; =0

Force in member |5 |. Here L = 5m, A, = —0.8and A, = 0.6.

—0.000711 |5
0.0015[200(10° 0.
5 0 9
0 10
= 33.3kN Ans,

14-11. Determine the vertical displacement of node
(2) if member | 6 | was 10 mm too long before it was fitted
into the truss. For the solution, remove the 20-k load. Take
A = 0.0015 m? and E = 200 GPa for each member.

For member IEI,L =4m,A, = —1,A, = 0and A; = 0.01 m. Thus,

(Os)o -1 -0.75 |5
Q6o | 0.00015[200(109)](0.001)’( 0] 0 6 (10%)
(O7)o 4 1 0.75 |8
(Os)o 0 0 7
Also
o1
012
013 0|8
Or=1014 and D, =1|0 |9
015 0 |10
016
10 ]7
Applying Q = KD + Qq
ro7 [113.4 288 75 0 —384 —288 0 0 0 0 7 ™Dy [ 0 7
0 28.8 21.6 0 0 -28.8 -21.6 0 0 0 0 D, 0
0 =175 0 150 0 0 0 0 0 =175 0 Ds 0
0 0 0 0 100 0 —100 0 0 0 0 D, 0
0] _|[-384 -288 0 0 151.8 0 0 -75 | —384 288 (10°) Ds N -0.75 (10°)
0 —-28.8 —21.6 0 —100 0 143.2 0 0 28.8 -21.6 Dg 0
0 0 0 0 0 0 0 100 0 0 —100 D, 0
Qg 0 0 0 0 =175 0 0 75 0 0 0 0.75
Q9 0 0 =175 0 —384 288 0 0 113.4 —28.8 0 0
O] | O 0 0 0 288 —21.6 —100 O —288 121.6 | L0 ] | 0 |
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14-11. Continued

From the matrix partition, Q, = K{;D, + KDy + (Qp)o

0] [1134 288 -75 0 -384 288

0 288 216 0 0 —288 —216

0 ~75 0 150 0 0 0

o|l=| o 0 0 100 0  —100

0 384 -288 0 0 1518 0

0 288 216 0 —100 0 1432
L0 0 0 0 0 0 0

Expanding this matrix equality,

0 = (113.4D; + 28.8D, — 75D; — 38.4Ds — 28.8D;)(10°)
0 = (28.8D; + 21.6D, — 28.8Ds — 21.6D;)(10°)

0 = (=75D; + 150D5)(10%)

0 = (100D, — 100D)(10°)

0 = (—38.4D; — 28.8D, + 151.8D5)(10°) + [—0.75(10°)]
0 = (—28.8D; — 21.6D, — 100D, + 143.2D¢)(10°)

0 = (100D-)(10%)

Solving Egs. (1) to (7)

D=0 D,=0.026067 D;=0 D4=0.01333
Ds =0.01 Dg=0.01333 D;=0

D¢ = 0.0133 m

S O O O o O

100

(10%)

D, 0 0
D, 0 0

D; 0 0

D, +|0|+| 0 |10
Ds 0 -0.75

Dy 0 0

D] L0 L 0
1)

(2)

3)

4)

©))

(6)

(7)

Ans.

*14-12. Determine the stiffness matrix K for the truss.

Take A = 2in? E = 29(10°) ksi.

The origin of the global coordinate system is set at joint (1),

For member | 1 ], L = 6(12) = 72 in.,

/\XZS%ZOand)\y:O;f:—l
1 2 5 6
0 0 0 071
L2200 10 10 12
! 72 0 0 0 0]5
0 -1 0 1|6
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14-12. Continued

1 2 5 6
0 0 0 0 1
10 805.56 0 —805.56 |2
1o 0 0 0 |5
0 —-80556 0 805.56 |6
. 0—-38 0—-0
For member [2 |, L = 8(12) = 96in., A, = e - ~land A, = . - 0.
5 6 3 4
1 0 -1 0|5
k, = 2[29(10%)] { 00 0 06
96 -1 0 1 013
0 0 0 014
5 6 3 4
604.17 0 —604.17 0|5
0o o 0 0]6
| —60417 0 60417 03
0 0 0 04
. 0-38 6—06
For member [3 |, L = 8(12) = 96 in., A, = 3 - —land ), = Fa 0.
1 2 7 8
1 0 -1 0|1
L 2129010%)] { 00 0 02
} 96 -1 0 1 017
0 0 018
1 2 7 8
604.17 0 —-604.17 0|1
B 0 0 0 0|2
| —604.17 0 604.17 0|7
0 0 0 018
. 0-0 6—-0
For member [4 |, L = 6(12) = 72in., A, = 6 " 0,and A, = 6 " 1
3 4 7 8
0 0 0 013
K, < 22008 fo 10 14
72 0 0 0 017
0 -1 0 118
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14-12. Continued

4
0
805.56
0

7
0
0
0
—805.56 0

8
0
—805.56
0
805.56

0 3 B~ W

For member [ 5|, L = 10(12) = 120in., A, = % = —0.8and \, = 0 0
1 2 3 4
064 048 —0.64 —04871
C2[29(10%] | 048 036 —048 —036 |2
ST 120 —-0.64 —048 064 048 |3
048 —036 048 036 |4
1 2 3 4
309.33 232 30933 -23271
| 232 174 -232 ~174 |2
| -30933 —232 30933 232 |3
-232 -174 232 174 | 4
. 0-38 6
For member [ 6 |, L = 10(12) = 120in., A, = T = 08anda, =" o
5 6 7 8
064 —048 —0.64 04875
C2[29(10%)] | —048 036 048 —036 |6
°T 120 —-0.64 048  0.64 —048 |7
048 —036 —048 036 |8
5 6 7 8
309.33 —232  —309.33 232 |5
| -232 174 232 -174 |6
-309.33 232 309.33  —232 |7
232 -174  -232 17418

-6

-0

0.6.

The structure stiffness matrix is a 8 X 8 matrix since the highest code number is 8. Thus,

1 2
[ 9135 232
232 979.56
-309.33  —232
-232 —-174
0 0
0 —805.66
—604.17 0
.0 0

3

—309.33
—232
913.5

232

—604.17

0
0
0

4 5 6 7
—232 0 0 —604.17
—174 0 —805.56 0

232 —604.17 0 0
979.56 0 0 0

0 913.5 —232  —309.33

0 —232 979.56 232

0 —309.33 232 913.5

—805.56 232 —174 —232

S O O @

—805.56
232
—174
—232

—0.6.

979.56 |

OO LN AW
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14-13. Determine the horizontal displacement of joint 2
and the force in member [5]. Take A =2in’, E =

29(10°) ksi. Neglect the short link at 2.

8
@ 5 [3] ® 1

[ —— G 2 >

Here,
011
012 016
Q=|3[3 De=|o0]7 - |
0|4 08
015

Applying Q = KD,

o] [ 9135 232 -309.33  —232 0 0 —604.17 0 |[D]
0 232 979.56  —232 174 0 —805.56 0 0 D,
3 -309.33  —232 913.5 232 —604.17 0 0 0 D;
0| | -232 -174 232 979.56 0 0 0 —805.56 | | Dy
0| 0 0 —604.17 0 913.5 -232  —30933 232 Ds
Os 0 —805.56 0 0 -232 979.56 232 174 0
0, —604.17 0 0 0 -309.33 | 232 913.5 -232 0

1Os] L 0 0 0 -805.56 232 -174 232 97956 | | 0 |

From the matrix partition; Q, = K;D, + K;,Dy

0 913.5 232 —309.33 —232 0 D, 0

0 232 979.56  —232 —174 0 D, 0

31 =1 -30933 —232 913.5 232 —604.17 D;|+]0

0 —232 —174 232 979.56 0 D, 0
L0 0 0 —604.17 0 913.5 | | Ds 0
Expanding this matrix equality,
0 =913.5D; + 232D, — 309.33D; — 232D, (1)
0 = 232D, + 979.59D, — 232D5 — 174D, ©)
3 = —309.33D, — 232D, + 913.5D; + 232D, — 604.17D5 3)
0 = —232D; — 174D, + 232D5 + 979.56D, 4)
0 = —604.17D3 + 913.5D4 )
Solving Egs. (1) to (5),
D; = 0.002172 D, = 0.001222 D3 = 0.008248 D, = —0.001222
D5 = 0.005455 = 0.00546 m Ans.

Force in Member [ 5 |. Here, L = 10(12) = 120 in., A, = —0.8 and A, = —0.6

0.0021727]D;
229(10°)] 0.001222 |D,
(g9r = =5 [08 06 —08 —06] e .
~0.001222 | D,

— 1.64k (C) Ans.
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14-14. Determine the force in member if this member
was 0.025 in. too short before it was fitted onto the truss. Take
A = 2in% E = 29(10%) ksi. Neglect the short link at ).

For member [3], L = 8(12) = 96 in A, = —1, A, =0 and
AL = —0.025. Thus,

(O1)o -1 1510 1
(Q2)o | _ 2[29(10%)](=0.025) | 0 | _ 0 P St 1
(0o 96 1 -15.10 |7
(Ox)o 0 0 8
Also,

01

02 0l6
Qy=1] 3|3 and D,=1] 017

0|4 08

05
o] [ 9135 232 —309.33  -232 0 0 —604.17 0 |[Dbp] [ 1510 ]
0 232 979.56  —232 -174 0 —805.56 0 0 D, 0
3 -309.33 —232 913.5 232 —604.17 0 0 0 D; 0
0 |_|-232 -174 232 979.56 0 0 0 —805.56 | | Dy | 0
0 0 0 —604.17 0 9135  -232 -309.33 232 Ds 0
Qs 0 —805.56 0 0 -232 979.56 232 174 0 0
0, —604.17 0 0 0 -309.33 232 9135  -232 0 -15.10
L0s| | 0 0 0 —-805.56 232 -174 232 -97956 0] | 0 |

Applying Q=KD + Q,
From the matrix partition, Q, = K;;D, + K ,D, + (Q,),,

0 913.5 232 —309.33 232 0 D, 0 15.10
0 232 979.56 -232 —174 0 D, 0 0
3 1= —30933 —232 913.5 232 —604.17 D; | +]0 |+ 0
0 —232 —-174 232 979.56 0 Dy 0 0
0 0 0 —604.17 0 913.5 Ds 0 0

Expanding this matrix equality,

0 =913.5D; + 232D, — 309.33D; — 232D, + 15.10 (1)

0 = 232D, + 979.56D, — 232D3 — 174D, (2)

3 = -309.33D; — 232D, + 913.5D5 + 232D4 — 604.17D5 (3)

0 = —232D, — 174D, + 232D5 + 979.56D, 4)

0 = —604.17D5 + 913.5D5 (5)

Solving Egs. (1) to (5),
D, = —-0.01912 D, = 0.003305 D; = —0.002687 D, = —0.003305
Ds = —0.001779

513




© 2012 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently exist.
No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

14-14. Continued

Force in member . Here, L =8(12) =96 in.,A, = —1, A, = O and
—2[29(10%)] (—0.025)

—0.01912
2[29(10° :
(@3)r = A2000] 1 0o -1 0 0.003305 +15.10
9 0
0
=355k (T) Ans.

14-15. Determine the stiffness matrix K for the truss. AE
is constant.

The origin of the global coordinate system is set at joint (1.

4
For member [ 2 |, L = 5 m. Referring to Fig.a,0", = 180°— 45°— sin 71(5) = 81.87°
0, = 171.87°.Thus, yy = cos 0,» = cos 81.87° = 0.14142 and

Ay = cos By = cos 171.87° = —0.98995

Also, A, = 0-3 = —0.6and A, = 0-4 = —-0.8
5 7 5
1 2 3 4
0.072 0.096 0.01697 —0.11879 |1
k| = AE 0.096 0.128 0.02263 —0.15839 |2
0.01697 0.02263 0.004 -0.028 |3
—0.11879 —0.15839 —0.028 0.196 |4

For member [ 1 |, L = 4 m. Referring to Fig. b,0,» = 45° and 6, = 135°.
V2

2
Thus, A,» = cos45° = %and Ay = cos135° = -

Also,A, = 0and A, = —1.

5 6 3 4

0 0 0 0 5
k,=AE | 0 0.25 0.17678 —0.17678 |6

0 0.17678  0.125 -0.125 3

0 —0.17678 —0.125 0.125 |4

For member [3 ],L =3m,A, = 1 and Ay = 0.

5 6 1 2
033333 0 —0.33333 0|5
k;=AE| 0 0 0 016
—033333 0 033333 0|1
0 0 0 0.2
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14-15. Continued % V]
o
The structure stiffness matrix is a 6 X 6 matrix since the highest code number is 6. Thus, 45
1 2 3 4 5 6
0.40533 0.096 0.01697 -0.11879  —0.33333 0 1 0
0.096 0.128 0.02263 —0.15839 0 0 2 49
k = AE 0.01697 0.02263 0.129 —0.153 0 0.17678 |3 9)C”
—0.11879 —0.15839 —0.153 0.321 0 -0.17678 |4 9 7
_ 7 X
0.33333 0 0 0 0.33333 0 5 3
L O 0 0.17678 —0.17678 0 025 |6
#14-16. Determine the vertical displacement of joint (2)
and the support reactions. AE is constant.
Here,
0 1 0|4
Q= —-3(10° [2and D, =| 0 |5
0 3 06
Applying Q = KD
o0 ] [ 0.40533  0.096 001697 | —0.11879 —0.33333 0 D,
—3(10%) 0.096 0.128 0.02263 —0.15839 0 0 D,
0 _ AE 0.01697 0.02263 0.129 —0.153 0 0.17678 || Ds
(on —0.11879 —0.15839 —0.153 0.321 0 —0.17678 || 0
0Os —0.33333 0 0 0 0.33333 0 0
L Qs L 0 0 0.17678 | —0.17678 0 0.25 L 0
From the matrix partition; Q, = K;D, + K;,D,,
0 ] 0.40533  0.096  0.01697 |[ D, 0
—3(10%) | = AE | 0.096 0.128 0.02263 || D, | +| 0
(U 0.011697 0.02263  0.129 Dy 0
Expanding this matrix equality,
0 = AE(0.40533 D; + 0.096 D, + 0.01697 D3) 1)
—3(10%) = AE(0.096 D; + 0.128 D, + 0.02263 D) 2)
0 = AE(0.01697 D; + 0.02263 D, + 0.0129 Ds) 3)

515




© 2012 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently exist.
No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher.

14-16. Continued

Solving Egs. (1) to (3),
6.750(10° 4.2466(10°
L 675000 42466(10°)

! AE } AE
~—29250(10%)  29.3(10°) ! A
2T AE T AE s

Again, the matrix partition Q, = K,,D, + K,,D, gives

Qs -0.11879 —0.15839 —0.153 . 6.750(10%) 0

Qs | = AE| —033333 0 0 B —29.250(10%) |+ |0

Qs 0 0 0.17678 4.2466(10°%) 0
0, = 3.182(10°) N = 3.18 kN Qs = —2.250(10°) N = —2.25kN Ans.
Qs = 750N Ans.
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