
!"
#

$ % $

& '() *( +,-./0 /(,.1 2,*34& 5416/,7080-* 20*+(. 9 252 : .417 % 30*4301#;< : -( < %
,66

< <= < ,* % 6(6 < > 1*3?7*?301 % 4-;( % 0/080-*1 % )4*+ /(,.1 % ,66/40.!
0@A @

% 10/; B )04A+* ,* % .0A3001 % (; ;300.(8 9 -(.01 :
@

*
< % .

< <
C
<

DE?4F,/0-* -(.,/ /(,.4-A 41 % .0*0384-0. ;3(8

# G #

DH *07+-4E?0 I-()- JK L4&0. B 0-. B ;(3701 9 LDL :
@

, J

M,

B

MN
O L4&0. D-. L(3701 4*

5P Q

R % H*

P S10 ;(370 % 1?6036(14*4(-

M08(F0 % 30.?-.,-* % 30,7*4(- T ,66/K /(,.4-A :
U

<

V

9 % W%
W
X : R MN H66/K 17,/0. ?-4* % 30,7*4(-

5416/,7080-* % 7(86,*4J4/4*K Y 5P U
<

* UZ P Q U P

C0*,
U

<

P

*07+
UZ P9![: R MN

!,Z*M[ P Q @

W

@ MN @

\
% B

C,K

S14-A (F03,// ;(370 % 0E?4/4J34?8 ] D;& P Q M, * MN * C P Q M, %
B

C# * C % P Q

# % G #

M, % P

C,K B C P C, B CG P %
B C 9 G B , : P % B CJ

B B
B

^ ^

6
R

208J03 /0F0/
R

G G
G

CJ ,B

B H , % J N
G

G _ ` a P b I c _ ? a )d( 4-*034(3 /(,.1

R % R_ ` a P _

`;
a * TI c _ ? a )d 4-*034(3 /(,.4-A U*3?7*?3,/ G0F0/

B B
` @

_ 6 B C; a P b Ue _ . a
`# B

`;Z _ ` B ` a P b I c_ ? a d
; ;(370 % F07*(3

d f ;(3 % 0&*03-,/

f
,1108J/0 % ;4&0. B 0-. B ;(370

808J03 B 0-. ;4&0. 0-. 9-0A,*4F0 % 14A- % P % (66(14*0
/(,.1 % ,66/40. g07*(3 % ;3(8 % 808J03 B /0F0/

;(3701 ;(3701 ;3(8 .4307*4(- % (; % 30,7*4(-1
: ,* % 5(*1 `; % 7(-*34J?*4(-1

4-*034(3 /(,.1

August 29, 2024Matrix Displacement MethodUniaxial StructuresPart IV - Fixed End Forces              Non-prismatic Bar



I  L I

§##¥ -

R . ( redundant )

A
 B

= ←  °

sex ) = Sp¥)a# w#§T¥- " × ' EFx=O Pcx ) +  wx - wL=O

§.TW#I!i Pcx ) =
 wl -

wx

S
,

'

+ Sc×)=fw¥axld× =¥a§ctad×=¥afh×¥=w¥n

(#Ij ;:p'D*R .
s

,

a- s
,

+ sz=o
Sz=ReB÷ Tea

+

ReB÷=0

RB = -

why .

'

.
Ra .  -

¥

MQF -

-

Qfz

{ Qf } = { RE } = { IY; } member . laid { a - of
}= [ KT { n }

structural . level { P . Pf } = [ s ] { d }

FEET.bg#Fj-p-a
,

{ go.pt}=[s]{ d }

¥54
"

i 2
{ p° } fojjeyeator applied at

i 2 [ D= ' [ kiz . ... ...

]ID 2 4 2
. ... ... .

{ Pt } =L{ Qfz
'

2

3 I

' n' '

? (¥ItE]{ at :{ aaj} { at 32=1:#
÷" " }



Non - prismatic Bar

,
L ,

@ Acx ) O= EE O =P£h÷ E =  DUI ttx  =
 axial deformation

E dx

1- x

defy =P# tt×=fPc×)dx
EACH EACH

,
homogeneous
linear  elastic ( Hooke 's Law )

2  Dot  uniaxial element
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from 1st B.C
.

C = 1.0 In ( i ) = O

2nd B.C
.

0 = KI In ( 1- ra ) + 1.0

Eabra
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solve for K
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=
- E Abra

LIT

from  equilibrium 2- Fx = 0 k , ,
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= 0
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similarly column 2 of the  stiffness  matrix ( µz= 1.0
,

µ
,

= 0 )
can be  derived to  obtain

[ K ] =

E Abra Exact stiffness  matrix

Era [ Y
-

l ] for linearly tapered ( area )
bar element

where ra = Ab.ATAb
Finite - Element
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Approximate  solutions  can Closer  approximations by
be  obtained by using multiple subdividing into  more

prismatic bar  elements elements ( h - refinement )




