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C\u:n‘) ox* ()= v -[0 2 (dx j (T w) o I°|-6 -3 6 -3l|lu,| | f, Bending & Frame
312 -3 286, | M,
Shaft , a(x) = C, +C,X
G\]56’(><) £ ()= 0E>5II G_J(%j _(fO)dx=0 " G| 1 16| M| [Torsion ++ [ Grillage
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Chapter 5. Truss
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Truss

» Plane Truss (2-Dimensional Truss) : a structure composed of bar
elements that all lie in a common plane and are connected by
frictionless pins. The plane truss also must have loads acting only in the
common plane*
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1-Dimensional Truss

EA EA |
L 0,
EA  EA |5,
L L |
_EA 0
L, 5
1
A, EaAa_|_EbAb _EbAb )
2
L | |L L, |
E,A E,A |F°
L, L, |
@ ,szlgnal @ Advance: ds/éfz’ug sign Automation Lab. 5122



2-Dimensional Truss (cosf sing 0 0 |
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Ex.) 2-Dimenstional Truss K
node 3
eX.) Find displacements and reaction force at each A =1cm?
nodes of frame in the following figure. E = 200GPa ¢ement 2 1m

Step1. Input Data

y node 1
= constants(6, =0 ,0, =90 ) I element 1
200GPa = 200x10° N / m? N
=200x10°>N /cm?
5 2 2
EA: 200x10°N /cm” -1cm 95 10°N /em
L 100cm
element cos o sin 6 length Sectional area Young’ S modulus
(cm) (cm) (GPa)
L 0 100 1 200
2 0 1
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Ex.) 2-Dimenstional Truss X
node 3
Step2. Stiffness Equation
;FXV!:[I_<XV][5XV] L element 2 m
i % CS -C?* —-CS|lda
fa|_ | CS §° -Cs -s*|dy, Vs [node
fro -C* -CS C* CS |[% I element 1
' f.] |-CS -S* CS S* ||d,, N\
= glement 1
(fa] | 2x10° 0 -2x10° 0[S |
fyl . O O O 0 5y1
fro| [-2x10° 0| 2x10° 0} Jy, = stiffness equation
f 0 0 0 0flo I I
=l vz fu] [2x10° 0 -2x10° 0 0 0 |[6a
= element 2 > foq 0 0 0 0 0 0 5,1
f 0 0 0 0 |[J, fo| |-2x10° 0| 2x10° 0| 0 o Oy
fo| |0 2x10° | 0 -2x10° || 5, fa| | 0 0| 0  2x10° 0 -2x10°|d,,
f.l |0 0 0 0 S, fes 0 0 0 0 0 0 S,
f _ 5| 5|
fo] [0 —2x10° 0 2x10° |5, ]/ Led L O 0 0 =2d00 0 2107 [0
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Ex.) 2-Dimenstional Truss =
node 3

Step3. Find Displacements

= known/unknown displacements element 2 1m

v known : 0,;, 0,4, 0,3, Oy3 (=0)

v unknown : 6,,, O, yI node 1

X1 My1»

element 1

= known/unknown forces

v known : f,,(=7,070N ), f,(= —7,070N ) AW 45
v unknown : f, f, f,3, f;3 10kN
[ f, ] [2x10° 0 -2x10° 0 0 0 [8.=0] 7,070N = 7.07kN
s 0 0 0 0 0 0 [|6,=0 K
f, =7070 | |-2x10° 0 |2x10° 0 0 0 ||| % 7,070N
f,,==7070|[| 0o 0| 0 2x10°| 0 -2x10° ||| o, ~7.07kN  10kN
fea 0 0 0 0 0 0 S, =
- fe ||| 0 0 0 |-2x10° 0 2x10° |||[6,3=0]
E> 5.1 [2x10° 0o T[ 5000v2
_»{ 5000+/2 :|:|:2><105 0 }|:5X2:|<_ [5)/2}: 0 2><105} |:_5000\/§}
—5000+/2 0 2x10° |5, 0.03535
ffffff | -o0. 03535
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Ex.) 2-Dimenstional Truss

Step4. Find Reaction Forces
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Chapter 6. Frame
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Frame

= Frame = Bar + Beam

el

X
fxl’ §x1 >e-
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Frame

Stiffness Equation of Frame = Stiffness Equation of Bar + Stiffness Equation of Beam

Beam _ _
Bar 12El  6El 12El  6El
i} _ o T INEEE
EA  EA fua 6El 4El  GEI 2EI
fa | | 7L L || % + M, 2 L 2 L
fy2 _E E S, f,o _12I3EI _6Ezl 12I3EI _6!52I
L L | M, L L L L
6El  2El  BEI 4l
L2 L L2 L
Frame
EA 0 0 —E—LA 0 0
Tt 12|;:| 6EZI . _12? 6I52I 5
L L L L2 || 5
fal | 6Bl 4B (6El  2E1 ||
— Ml _ L2 L LZ L 01
fx2 _E 0 O E O 0 5x2
f, L L S5,
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2-Dimensional Frame

fa

f 2

0

= transformation between the coordinate systems

(1) displacements and forces : transformation

(2) moments : no transformation

[6,4]=[T1[5,]1]

5, ] [cosé sing 0 0 0 0],
Oy —singd cosé O 0 0 0}d,
0| | O 0 1 0 0 of 6
S,| | 0 0 0 cosé sind 0| s,
Oy2 0 0 0 -sin@ cosd 0} o,
| 6, | 0 0 0 O 0 16,
A [fpel= [T][f 1]

([ f.] [cosé sing 0 O 0 O] f,]
fa —sin@ coséd O 0 0 0y f,
M, | | O 0 1 0 0 0| M,
fo| | O 0 0 cos@ sing 0 f,
fi2 0 0 0 -sing cosd O} f,
M, | | © 0 0 O 0 1M,
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2-Dimensional Frame

(3) stiffness equation

[ 5]

=[K g 1[0]

[TI[ 1, ] =[K  I[T][S, ]

multiply [T]™

[T 1=LTILT, ]
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L

200c
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1tonf

EX.) Frame node 3
ex) Find displacements and reaction force at each nodes of
frame in the following figure. § element 1\ &lement 2
o
T node 1
Iy node 2
X
Step1. Input Dat — >
ep1. Input Data S Q
= constants (6, =90, 6, =135) 3 100cm .
: Young’ s | moment of
element | cos6 | sin 6 I?S{?‘t]h asr%%u[%ﬁ?l] modulus inertia
(kgf/cm?) (cm?)
1 0 1 100
1 106 :
2 —21/2 V212 10042 ! 2
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1tonf

EX.) F ra me node 3

Step2. Stiffness Equation
[Fy 1=K 1[5, ]
Xy Xy Xy § e element 2
o
= glement 1 node 1
Tt [ 6 0 -30 -6 0 -30076,] y node 2
i, 0 20000 0 0 -10000 0 |&, ! X
M,| [-300 0 20000 300 O 10000 6, R N
fa| | —6 0 300 6 0 300 || S, 100cm
flq 0 -10000 0 0 10000 O |8, ~ >
'M,| |-300 0 10000 300 0  20000]| 6,
= glement 2 % New Recommanded Method
:Xz 3536.59 —3534.47 -106.07 -3536.59 3534.47 -106.07 || 0, . ZHA HEX AIO| 37”* HIEZ,
]| e o s —sso 6070 | o, raown® 782 9 WSS
2| _| — ' - ' ’ : ' ’ 2 |=|=|III|-° a 2FA HIX A2 A
f.| |-353659 353447 10607 353659 -3534.47 106.07 |5, | = 0N E3 STHE 73
fo| | 353447 -3536.59 106.07 —353447 353659 106.07 ||,
M, | | -106.07 -106.07 7071.07 106.07  106.07 14142.14|| 6, |

-Chapter 6. Frame
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Ex.) Frame

Step3. Find Displacements

= known/unknown displacements
v known : 6X1,6y1,e1 ,6)(2, 6)/2, 92(=0)

v unknown : §,3,0,3, 65

= known/unknown forces

v known : f,;(=1tonf), f;(=0), M;(=0)

v unknown : f,, f,, My, f,, f,, M,

(f.1 [ 6 0 -300 -6 0 -300[ &, |
f 0 10000 0 0 -10000 0 | dJ,
M 0-300 0 20000 300 0 100001l @
f.l | -6 o 30 |6 o 300 [|s,
fg 0 -10000 O 0 10000 0 |3,
M| | -300 0 10000 300 0 20000 6, |
[f,] [ 353659 -3534.47 -106.07 -3536.59 3534.47 —106.07 |[J,, |
f,| |-353447 353659 -106.07 353447 -3536.59 -106.07 ||J,,
M | -106.07 -106.07 14142.14 106.07 _ 106.07 _ 7071.07 | 0,
fol |-353659 353447 106.07 | 353659 —3534.47 106.07 |6,
fs 3534.47 -3536.59 106.07 |-3534.47 353659 106.07 |3,
M,] | -106.07 -106.07 707107 | 106.07  106.07 14142.14 | 6,

0.0999cm

0.0049rad

—

element 1 element 2

100cm

node 1

_ 0,=6,=0=0
(box in blue color)
f., =1000kgf 3542.59 —3534.47 406.07 || J,,
fs=0 =|—3534.47 13536.59 10607 || o,
M,=0 406.07 106.07  34142.14 || 6,
known unknown
0,3 354259 —3534.47 406.07 | [1000 0.3825cm
0,5 |=|—3534.47 13536.59 10607 0 |=| 0.0999cm
0, 406.07 106.07  34142.14 0 —0.0049rad

7 '-‘\ T - Ay Seoul
= . @‘ﬁ.\ National Advanced Shlp Desi ign Automation Lab, 20/22
= =, Univ. http://asdal.snu.ac.



Ex.) Frame

0.0999cm

0.3825cm
0.0049rad »
. . node 3
Step4. Find Reaction Forces ﬁ
» reaction forces for element 1 1tonf
nc;de3
] 6 0 -300 -6 0 300 O | [-084]
f, 0 10000 0 0 -10000 O 0 -999.2
\
M,| [0-300 O 20000 300 O 10000 0 | | 66.16
f -6 0 300 6 0 300 || 0.3825 | | 0.84
@ S| dlement 1 lement 2
fos 0  -10000 O 0 10000 0 0.0999 999.2 S
M, —300 0 10000 300 O 20000 || —0.0049 17.56 =
EEd S At - - node 1
y node 2
T X
A 4 >
. N N
= reaction forces for element 2 100cm
< :l
[f,] [ 3536.59 —3534.47 -106.07 —3536.59 353447 -106.07| O | [-999.14]
f,,| |-3534.47 353659 -106.07 3534.47 -3536.59 —106.07 0 999.15
M, | | -106.07 -106.07 1414214 10607  106.07  7071.07 0 16.81
fo,| |—3536.59 353447 106.07 353659 —3534.47 106.07 || 0.3825 999.14
T 353447 -3536.59 106.07 -—3534.47 3536.59  106.07 || 0.0999 -999.15
M, | | -106.07 -106.07 7071.07 106.07  106.07 14142.14|-0.0049| | —17.56 |

e gy e |1
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Ex.) Frame

total reaction forces

= reaction forces for element 1
[f,] [-0.84] , . .
X . 1ton > node 3
£, | |-g992 total reaction forces '
M, | | 66.16 [ f, | [ —0.84kgf |
:xa 909-:42 f.| | —999.2kgf
y3 - ,
M,| | 17.56 M, | | 66.16kgt -m dlement 1 Klement 2
— : f, —999.14kgf
= reaction forces for element2 | f , |=| 999.15kgf node 1
- oL . y node 2
f,| [-999.14 M, 16.81kgf - m 66.16kgf-m (6,81t
fi| | 999.15 fro 1000kgf X ST
M, 16.81 0.84kgf 999.14kgf
- f 0
fo 999.14
f ~999.15 M, 0
y3 ' I - 999.2kgf 999.15kgf
(M, | | -17.56

(* the differences are caused by round off error)
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