YO/ ¥/VEFY

Chapter 3: Bar Element, By Maryam Mahnama, PhD

obiil
Arbitrary-oriented Beam Element Y/

y

9 >
A m\
L s
Mg, P2 5 v N ). -
1 ™ /‘ ~N Y Z\ny' day
1 IL’J’C\ /
.

fiy diy foyrday T, ¢]<1 .
\ fly' dly

fiy 12 6L —12 6L dfy dy c S][dx
my| _Elf 61 412 —6L 212 |) &1 )~ l-s clldy
N 3 _ _ _ -

]EJ’ L 61[? 26le' E%L ﬁé dfy Transformation (rotation) Matrix
my 0P

Equations for Beam Element in Local Coordinate

| C =cosf,S =sinf ‘
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Arbitrary-oriented Beam Element %
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Adding Axial Effect to the Beam Element W
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Stiffness Matrix for Frame Element W
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Rigid Plane Frame Y/

* Definition: A series of beam elements rigidly connected to each other

The original angles made between elements at their
joints remain unchanged after the deformation due
to applied loads or applied displacements

Moments are transmitted from one element to
another at the joints. Hence, moment continuity

exists at the rigid joints .

The element centroids, as well as the applied loads,
lie in a common plane ( for example x-y plane).
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Rigid Plane Frame Example
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Element #1:
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Rigid Plane Frame Example
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* B.C.s are:
d1x=d1y=¢1=d4x=d4y=¢4=0

Rigid Plane Frame Example
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Rigid Plane Frame Example Y/
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Rigid Plane Frame Example ¢ "
™ @
5010 Ib
1 -’ > 56\ d
Sy 4990 Ib ] 3700 Ib
my| _ 376,000 lb.in 49901b | 523000 lbuin 5010 Ib 9
Fox 3700 b 2 ) ' Y%
N —4990 b @ f 226,000 Ib-in
fay| 223,000 tb.in 3 3700 lb S
M fay 5010 lb
ms | _ ]226,000b.in
@ fox e[ ] —37001b @ @
. 5010 b A —5010 b
Joy ~3700 Ib Jay 375,000 Ib. in
my | _ ) —223,000b.in My % y
fax —5010 lb I
p 3700 Ib 4900 Ib —
fayl (-221,000 b.in 9 C — X (_ 50101b
U 376,000 Ib-in~>|3700 Ib 375,000 Ib-in 13700 Ib
Chapter 3: Bar Element, By Maryam Mahnama, PhD

oiEtl
Rigid Plane Frame Example Y./

* Equilibrium at each element "
*YF;=0 |:> —3700 + 3700 = 0 223{’000 Ib-in @ bin
iﬁ

5010 Ib 9
.2]:37:0 |:> 4990 — 4990 = 0 |

3700 Ib
*XM;=0 |:> 376,000 + 223,000 — 4990 X (120) 3700 Ibl
* Equilibrium at each node 4990 Ib esmiin

> f = Fyy |:> 4990 + 5010 = 10000

*Xfy =Fyy |:> 3700 — 3700 = 0 ©
* Z m, = M2 |:> 223,000 — 223,000 = 0 376,000 |b_in"l3700 b

'Y Chapter 3: Bar Element, By Maryam Mahnama, PhD




YO/ ¥/VEFY

Summary

* Frame element is a combination of Bar and Beam elements.

* Stiffness Matrix of Frame Element can be obtained by superposition
of that of Bar and Beam element.

* Rigid plane frame is a series of frame elements connected to each
other rigidly.

Review of the examples in Chapter 5

of course book
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