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Chapter 3, Problem 5P (5 Bookmarks)

Step-by-step solution

Step 1 of 27

Show all steps: ( JToN")

Consider each truss member as element and each joint connecting them as nodes. Hence, the
specified truss has 2 element and 4 nodes and are tabulated as follows.

Element | Node /| Node j | #

O} 1 2 0°

(2) 2 3 (90+356.31)°=146.31°
®) 3 4 0°

4) 2 4 90°

Here, the angle measured in counter clockwise direction.

Comment

Step 2 of 27

Convert the units of area from ¢m* t0

A=15cm’
=1500 mm*
Calculate the equivalent stiffness constant for element (1) of the truss by using the following
relation.
= AE
L

Here, the area of cross sectionis {, [ is the modulus of elasticity, and | is the length of the

member.

Substitute 1500 mm® for 4. 70000 N/mm> for £.and 1500 mm for f.

AE
k=
LT
_1500x70%10°
1500
=70x10° N/mm
Calculate the equivalent stiffness constant for element (3) of the truss by using the following
relation.
AE
ky=—o
)

Here, the area of cross sectionis ., [ is the modulus of elasticity, and | is the length of the

member.

Substitute 1500 mm® for 4. 70000 N/mm> for £.and 1500 mm for f.

AE
=T
1500 70x10°
1500
=70%10° N/mm
Comment

Step 3 of 27

Find the length of the element 2.

L=\1.5 417
=1.80278 m
=1802.78 mm
=1803 mm

Calculate the equivalent stiffness constant for element (2) of the truss by using the following

relation.

AE

ky =
= L

Here, the area of cross sectionis 4, [ is the modulus of elasticity, and [ is the length of the

member.

Substitute 1500 mm® for A4, 70000 N/mm? for £.and 1803 mm for .

==

L
_1500x70x10°
T 1803
=58.243%10° N/mm

Calculate the equivalent stiffness constant for element (4) of the truss by using the following

relation.

AE
ky =—
T

Here, the area of cross sectionis 4, g is the modulus of elasticity, and  is the length of the

member.

Substitute 1500 mm® for 4. 70000 N/mm> for £, and 1000 mm for /.

AE
ki=
L
15007010
1000
=105x10° N/mm
Comment

Step 4 of 27

Find the local coordinate stiffness matrix element (1).

sinficos sin’@ —sinfcosfl  —sin’@

(K] =4,

|-sinfcosf  —sin’f  sinfcosd sin’@

Substitute 70 10" N/mm for &, and (¢ for & in the equation.

cos’@  sinflcosf  —cos’@  —sinfcosd |

~cos’@  —sinfcos cos’d sinficos

cos’d sinfcosf  —cos’d  —sinfcos |
[K]‘—k sinficos sin’@ -sinfcos@  -sin’d
| —cos’®  —sinfosf  cos’d sinflcos @
 -sinflcosf  -sin’@  sinfcosd sin*@
cos” (0°) sin(0°)cos(0°) —cos™ (0°) —sin(0°)cos(0°)

—— sin(0°)cos(0°) sin’ (0°) ~sin(0°)cos(0°) —sin’ (07)

—cos’(0°) —sin(0%)cos(0°) cos’ (0°) sin(0°)cos(0°)

| ~sin(0°)cos(0°) ~sin* (0°) sin(0%)cos(0°) sin® (0°)
([t o -1 0] U,
do o o o U,
=T70=10 :
-1 0 1 0 U,
00 0 o U,
0 0 =70 0| U,
0 0 o0 ol U,
10 i
70 0 70 0| U,
0o 0 o ol v,

Comment
Step 5 of 27

Find the global coordinate system for Stiffness matrix equation for the element (1).

70 0 =70 0 0 0 0 0] U,
O 0 0 00000 U,
=70 0 70 0000 0 U,
" 6o 0 0o 00000 U
[K]“ =10" A
O 0 0 00000 U,
0 0 0 00000 U,
0o 0 0 0O0O0O0O0 U,
Lo 0 0 00000 U,
Comment
Step 6 of 27

Find the local coordinate stiffness matrix element (2).

cos’# sinbeosd ~cos’@  —sinfcosd

[K]: «t; sinficos @ sin’# -sinflcosf  —sin’@

—sinfcosfl  —sin’@ sinfcos sin’@

~cos’@  —sinfcosd cos’f sinflcos

Substitute 58 243 10" N/mm for &, and 146,31° for @ inthe equation.

oot sinfkcos cos'fl —sinficosd |
sinfiosd sin'd ~sinfosf  —sin'@
—cos'#  -sinfleosd  cos’d sinfhoos

I sinfcost? sin'd  sindosd sin'0

[K -4,

cos’ (146.317) win (14631 joos(146.317) cox’ (146.317) sin (146,31 Joos(146.317)
sxa4uger| (631 )eos(14631°) sin’ (146.31%) ~sin{146.31*)con{146.31°) —sin’ (146.31%)
~con’ (146.31%) ~sin(146.31" eos (146.31%) cos’ (146.317) sin (146,317 Jeon{146.31°)
| -sin146.31* joos(146.31%) in’ (146.31%) sin (146,31 )eos (146.31°) sin’ (146.317)
[ 06923 04615 -06923 04615 U,
04615 03076 D4BIS 03076 | U,

- 8K 245 10" 1
[-06923 04615 06023 04615 U,

| 04618 -03076 04615 03076 | U,
4032 2688 4033 2688 | L
| -26K8 1792 2688 1742 U,
=10 om aess w2 -2ems| U,
| 2688 1792 -2688 1792 | L

Comment

Step 7 of 27

Find the global coordinate system for Stiffness matrix equation for the element (2).

00 o0 0 0 0 0 olu,
00 0 0 0 0 0 0lU,
0 0 4032 -2688 —4032 2688 0 0|U,,
[K]x'=||]"‘ 0 0 -2688 1792 2688 -1792 0 0O|U,,
0 0 —4032 2688 4032 -2688 0 0 U“
0 0 268 -1792 -2688 1792 0 0O|U,,
00 0 0 0 0o 00U,
00 o 0 0 0o 0 olu,
Comment
Step 8 of 27
Find the local coordinate stiffness matrix element (3).
cos'd sinfcosfl  -cos’@  -sinfcosd
[K]"=k, sian(‘tsﬁ sin’# -sin&:‘osfa‘ —sin’#
—-cos'@  —sinflcosd cos sinflcosd
| -sinflcosf  -sin’f sinfcost sin“d
Substitute 7% 10" N/mm for &, and ()® for @ in the equation.
cos'@ sinfeos? —cos’@  —sinflcosd
[KIIZ"‘\ sinik'o‘sﬁ sin’@ —sinﬁt‘osﬂ —sin’@
—cos'f  —sinflcosd cos sinflcos !
| -sinflcosfl  —sin’@ sinflcosd sin’@
cos” (0°) sin(0°)cos(07) ~cos” (0°) ~sin(0°)cos(0°)
—— sin(U‘]Flss{U°] sin® (0°) -—S'II'II:U“‘]C()S{U°} —sin® (0°)
—cos”(0°) —sin(0°)cos(0°) cos” (0°) sin(0%)cos(0°)
| —sin(0°)cos(0°) —sin® (0°) sin(0°)cos(0°) sin’ (0°)
o0 -1 0]U,
Jo 0o 0 olu,
=T70x10 -
-1 0 1 0|V,
Lo 0 0 ofu,
70 0 <70 0| U,
ol © 0 0 oy,
=70 0 70 o0|U,
0o 0 0 o|U,
Comment

Step 9 of 27

Find the global coordinate system for Stiffness matrix equation for the element (3).

o000 0 0o 0o ou,
0000 0 0 0 0[U,
0000 0 0 0 O0U,
K] =10 0000 0 0 0 0 L:‘:,
0000 70 0 -70 0|U,
0000 0 0 0 0|U,
0000 =700 70 00U,
0000 0 0 0 0JU,
Comment

Step 10 of 27

Find the local coordinate stiffness matrix element (4).

cos’f sinbeosd ~cos’@  —sinfcosd

[K]' ki sinficosd sin’# ~sinflcosf?  —sin’@

—sinfcosfl  —sin’@ sinfcos sin’@

~cos’@  —sinfcosd cos’f sinflcos

Substitute 58§ 243 10° N/mm for &, and 90 for @ in the equation.

cos’dl sinflcosf  -cos’d  -sinfcosd
IK}""*- 5i11“€(1.ﬁﬂ sin’@ —ainrl:os!.’ ~sin’@
-cos'f  -sinficosfl cos sinflcosé
—sinflcos#®  —sin’@ sinfeos @ sin’@
cos’ (90°) sin(90°)cos(907) ~cos” (90°) ~in (90° )cos(90°)
= 105x10" ain{‘m“!uus[‘ll“] sin’ (90°) —sin{‘l!)t‘}cus['?ﬂ“] ~sin® (90°)
~cos” (90°) -sin (90° Jcos(90%) cos” (90°) sin (90°)cos(90°)
~sin (907 Jeos 90°) ~sin’ (90°) sin (90°)cos (90°) sin’ (907)
[0 0 0 0]U,
iosx0t® 'O —|=U,|
[ ] i{.-',,
o -1 0 1]U,
Comment

Step 11 of 27

Find the global coordinate system for Stiffness matrix equation for the element (4).

000 0o o000 0]U,
000 0 000 0 |U,
000 0 000 0 |U,

(K]" =10 000 105 000 -105 U,
000 0 000 0 |U,
000 0 000 0 |U,
000 0 000 0 |U,
000 105000 105U,

Find the global stiffness matrix of the truss using the relation.

(KT =[] + (K] +[] (K]

7 0 =70 0 0 0
0o 0 0 0 0 0
=70 0 11032 -26.88 —40.32 26.88
=10"x 0 0 -2688 12292 2688 -17.92
0 0 4032 2688 -29.67 -26.88
0 0 2688 -1792 -268 1792
0o 0 0 0 =70 0
L0 0 0 =105 0 0
Comment

Step 12 of 27

Apply the boundary condition and loads.

[— T — I — T — A — N

70

As the nodes 1 and 3 are hinged, the following conditions are obtained.

Uy =0
Un' =0
Usy =0
Uy =0

Comment

Step 13 of 27

Write the basic governing equation.

[K]{u}=ir}
Here, [K] is the global stiffness matrix, {u} is the displacement matrix, and II‘: is the force
matrix.
[70 0 -70 0 0 0 0
0 0 0 0 0 0 0 0
=70 0 11032 -26.88 -40.32 2688 0 0
. .| 0 0 -26B88 12292 2688 -1792 0 -105
Substitute 10" for [K]
0 0 -4032 2688 -29.67 -26.88 0 0
0 0 2688 -1792 -268 1792 0O 0
0o 0 0 0 =70 0 00
L0 0 0 105 0 0 0 105 |
Fy
Ey
Fyy
for |u},and Far » for |f}.
F,
'Fil
Fiy
'Fl}
f70 0 =70 0 0 o o o ][u, o
o 0 0 0 0 0 0 0 u, Fy
=70 0 11032 -2688 -4032 2688 0 0 Uy Fiy
(| 0 0 -2688 12292 2688 -1792 0 -105||Uy | _|F,
0 0 -4032 2688 -2967 -2688 0 0 Usy F,,
0 0 2688 -1792 -268 1792 0 0 Uyy Fy
0 0 0 0 =70 0 70 0 U,y Fox
L0 0 0 -105 0 0 0 105 jlU, Fiy
Comment

Step 14 of 27

Substitute () for U, y»0for Ly, 0 for U}I‘. ,and 0 for [y, () for Fjy,0for f,, 0 for
Fyy,0for Fyy,O0for Fyy,and -2000 N for [y, inequation.

[70 0 =70 0 0 0 0 0 0 0
0o 0 0 0 0 0 0 0 0 0
-70 0 11032 -2688 4032 2688 0 0 ||U,, 0
10 0 0 -2688 12292 2688 ~-1792 0 -105) U, | | O
0 0 —4032 2688 -2967 -2688 0 0 |0 || 0
0 0 2688 -1792 -268 1792 0O 0 0 0
0o 0 0 0 -70 0 70 0 Uy 0
L0 0 0 ~105 0 0 0 105 JlU, | [-2000]
[ ~T0U/, 107 0 7
0 0
110320, - 26.88L/,, 0
5| —26.88U,, +122.92U,, -105U/,, 0
10 i i =
=40.322U,, +26.88U/,, 0
26.88U,, -17.92U,, 0
qo0u, 0
=105/, +105U/,, ] [=2000]
110.320,, - 26.88U,, ] 0
10’ -26.880/,, +122.92U,, -105U/,, o 0 (1)
00, o | 77
-105L7,, +105U7,, | [-2000
Comment
Step 15 of 27
Solve the matrix to obtain the deflections in the truss.
Consider the following relations from matrix (1).
Consider the third row
-0U,, =0
Uu =0
Therefore, the x component of the deflection at joint 4 is @
Comment
Step 16 of 27
Consider the fourth row
-105U,, +105L/,, = 2000
105U/, =-2000+ 105U,
-2
- 2000 +105U,, @
1051000
Consider the first row
110.320,, - 26.880U,, =0
fuy - 26880, (3)
110.322
Comment
Step 17 of 27
Consider the second row
-26.880,, +122920.97U/,, -105U/,, =0
Substitute the equations (2) and (3) in the equation.
-2 5L,
~26.88x1000x [ 2588 ]+|22920.9101,_105me=
110.322 ° 1051000

—6550.046U,,, +122920.97U,, —105000U,, =-2000
U,y =—0.1758871 mm

Therefore, the ¥ component of the deflection at joint 2 is |~ 175887 | mm|.

Substitute (~0.1758871 mm) for {/,, in the equation (2).

2000+ 105U/,
1051000
~ =2000+10500x(~0.1758871)
1051000
—0.19493 mm

Uy =

Therefore, the ¥ component of the deflection at joint 4 is |~{1. 19493 mm)|.

Comment

Step 18 of 27

Substitute (~0.1758871 mm) for {/,, in the equation (3).

26880,
10322

_ 26.88x(~0.1758871)

- 110.322

=-0.0428 mm

Therefore, the x component of the deflection at joint 2 is |~0.0428 mm|.

Comment

Step 19 of 27

Calculate the Reaction force at the joint by using the following relation.

[R]=[K]{u}-f}

R, =700, ,
R, 0
R, 110320, , - 26.88L/,,
Substitute R, for [R] 10 -26.880,, +122.92U,, - I.OSUH
R, —40.322U,, +26.88U
R, 26.88L/,, -17.92U/,,
Ry 70U,
L Ry | -105U,, +105U,,
© o
0
0
0
o for |f}.
0
0
=2000 |
_RI.\ ] [ _?w:.\ 17 0 ]
R, 0
R, 110.32U,, - 26.88L/,, 0
R, =10* -26.88L7,, +122.92U,, 105U/, - 0
R, -40.322U,, + 26.88U/,, 0
R,, 26.88L/,, -17.92U,, 0
R, 00U, 0
| Ry | L =105, +105U,, | |=2000]
[ ~70x(~0.04285)
0
110.322%(-0.04285) - 26.88 % (-0.1758)
" ~26.88x(-0.04285)+122.92x(-0.1758) - 105x(-0.1949)
~40.322x(~0.04285) + 26.88x (-0.1758)
26.88x(—0.04285)+17.92x(~0.1758)
70(0)
L =105 (=0.1758) + 105 % (-0.1949) + 2000
3000 1
0
0
] 0
~ | -3000
2000
0
n e
[ 3000
0
0
Therefore, the reaction forces are ' N.
=3000
2000
0
0
Comment

Step 20 of 27

Calculate local displacement matrix for element (1).

u, | [cosé sind 0 0 U,y
"y |_ -sinfl cos@ 0 0 xU"
uy, 0 0 cosf  sinf | U,
| | 0 0 -sinf cosf| |U,,
" cos(0°)  sin(0°) 0 0 0
ol ~sin(0°) cos(0°) 0 0 g 0
0 0 cos(0°)  sin(0°) | | -0.0428
| 0 0 —sin(0°) cos(0°) -0.1757
10 0 0
-1 0 0 0
“lo o 1 0| 00428
0 0 -1 -0.1757
0
0
| ~0.0428
| 0.0428
Comment

Step 21 of 27

Calculate the force by using the following relation for element (1).

_AEx(uy, —1y,)

§
' L

Substitute 1500 mm® for A, 70000 N/mm® for £, 1500 mm for [, 0for i, and

~0.0428 mm for u,,.

_AEx(uy, —u,)

K
L
_ 1500%70% 1000 x (~0.0428-0)
- 1500
=-3000 N

Therefore, the force for element (1) is |~3000)

Calculate the stress in element (1) by using he following relation.

_ Ex(uy, —uy,)

) L

for [K]{u} and

Substitute 70000 N/mm> for £, 1500 mm for [, 0for s, and ~0,0428 mm for u,, .

_Ex(u, -u,)
v L
~ 70x1000%(~-0.0428 - 0)
N 1500
=<2 N/mm*
=-2 MPa

Therefore, the stress in element (1) is .

Comment

Step 22 of 27

Calculate local displacement matrix for element (2).

u, | [cos® sing 0 0 7 |tsy
uy, -sinf cosf 0 0 Uy,
y, o 0 costl  sin# = Usy
1y, | 0 0 -sinf! cosd | |U,,
0,832 0.555 0 ] -0.0428
-0.555 -0.832 0 0 -0.1757
o 0 0832 0555 0
0 0 -0.555 0.832 0

[-0,8323(-0.0428)
0.555x(~0.1757)
0
] 0
—0.061877
-0.17
0
0

Calculate the force by using the following relation for element (2).

_AEx (g, —15,)

Fy
J L

Substitute | 500 mm® for 4. 70000 N/mm?> for £, 1803 mm for [, —0.061877 mm for

#y,,and 0 for uy, .

_AE (g, —1s,)

28
1 L
1500 7010000~ (~0.061877))
- 1803
=3603.48 N

Therefore, the force for element (2) is [3603.48 N|.

Calculate the stress in element (2) by using the following relation.

Exluy, —ny,)

Oy =
= -
Substitute 70000 N/mm> for £, 1803 mm for [, =0.061877 mm for u,,,and 0 for u;, .
o = Ex(u,, —u,,)
* L
TI]xII](K)x(U—(—U.UﬁIH?T}}
- 1803
= 2.4 N/mm’
=24 MPa

Therefore, the stress in element (2) is .

Comment

Step 23 of 27
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Step 24 of 27

Calculate the force by using the following relation for element (3).

Fy = AEx (g ~ty)
: 2
Substitute 1500 mm?® for 4. 70000

for gy, .

_ Aﬁ“x{lrh —t3, )

- L
~1500x70x1000%(0-0)
B 1500

A

=0

Therefore, the force for element (3) is

N/mm? for £. 1500 mm for f,0for uy,,and 0 mm

[0]-

Calculate the stress in element (3) by using the following relation.

Ex(uj, —uy)
- L
Substitute 70000 N/mm* for £, 15

Ty

Ex(u“ — )
L
70%1000%(0-0)
= 1500

oy =

=0

Therefore, the stress in element (3) is

Comment

00 mm for f,0for wy,,and O mm for uy, .

[0]-

Step 25 of 27

Calculate local displacement matrix for element (4).

y, | [cos® sin@ 0 0 U,
My, -sin@ cos@ 0 0 Uy,
g, oo 0 cos# sind >‘U“
u, || 0 0 -sinf cos#| |U,
[0 1 0 0] [0.042859
-1 0 0 0 0.17574
= 0 0 0 1 2 0
LO 0 =1 0f | 0.19478
[ 0.17574
y| —0.042859
0.19478
Lo
Comment

Step 26 of 27

Calculate the force by using the following relation for element (4).

Fo= AE (g, =112, )

L
Substitute |500 mm® for 4. 70000
t3,, and 019478 mm for u,,.

AE % (uy, —ua,)
L
_ 1500701000 (0.19478 - 0.

[}

£

N/mm? for £, 1500 mm for £, 0.17574 mm for

17574)

- 1000
=2000 N

Therefore, the force for element (4) is

00 N|.

Calculate the stress in element (4) by using the following relation.

P Ex(ug, —ns,)

03 mm for £, 0.17574 mm for w,,,and 0.19478 mm

)

* L
Substitute 70000 N/mm? for £, 18
for g, -
. T0x1000:x(0.19478-0.17574
‘_ 1000
<1.333 N/mm?
=1.333 MPa

Therefore, the stress in element (4) is

Comment

Verification of result as follow.
For Equilibrium condition,

Y F,=0

2h

Z Myoge1 =0

Step 27 of 27

Write the relation for force along X direction,

Y F=0
3000-3000=0
0=0

Write the relation for force along Y direction,

2 F,=0
2000-2000=0
0=0

Write the moment of the force about node 1.

ZMMdclzn

57.7x0-57.7x0-200x1.54100=3+100x0=10

0=0

Thus, verified the results.

Comment

Was this solution helpful? 3 0

Chapter 3, Solution 5P

Consider each truss
member as element and
each joint connecting
them as nodes. Hence,
the specified truss has 2
elementand 4...
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Chapter 3, Solution 8P

Tabulate the coordinates of nodes Node
X-coordinate in (m) Y-coordinate in (m)
Z-coordinate in(m)A200B00-1.5C001.5D0
150
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| _ —-sinf? cosf 0 0 KU.,
iy, 0 0 cosf?  sind | WU,
u,| | 0 0 -sinf cos@| U,

M o0 00 0
0 -1 00 0
= x
00 10 0
10 0 0 1] [0.19478
[0
0

oo

10.19478



