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b g amS (19) daly K3 4

A0S
m j N,&)dE

19)>(70) ={ [o"fA,dx =(v) (71)
e Al
: !Nz(g)dﬁ

1395 g aom (T1) a5 3 39) alaly (1AL

1
39) = (1) = jq)TfAedxz(we)T%{l} (72)
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(One Dimensional Problems) (gda3 & J5luws

(The Ritz-Galerkin Approach) .8 & -, oI

(Element Body Force Vector) oldl ez 55,5 5,05 2

Jol,dx =) 1| (73)

QT)D‘&S

. _ALS 1|
] ]

(Element Body force) f)fe Ol oz (5,5 I, f € R?
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(One Dimensional Problems ) S S Jj\nmﬁ

(The Ritz-Galerkin Approach) .5 J& -3, 4,

(Element Traction Force Vector) oLl Jsb 55,5 55

sl 3 Sge 4 (59) el o3 Jsb gy 5l S0 2ol (Ghlme S8 4 by e Dl

S s ) Ul ol LS = I¢Tde

e

(74)

il ol (T4) alal; 53 (60) ala, 51 S ks (5,080 L

(60) = (74) = jq)Tde = j (W) N'Td,

(75)

(10) = (75) = jq)Tde =j(qf)f {N‘@}T

N,®)

d,| (76)
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(One Dimensional Problems) (gda3 & J5luws

(The Ritz-Galerkin Approach) .8 & -, oI

(Element Traction Force Vector) oLl Jsb 55,5 55 2

(Lzer & L;\JU"}.{M(’:“}: ) dE& «d IS Sl s e oiS cizean 5 (76) adasly 0315 Lo L
s o 4z (19) dal ;) SGS 4

0T
2

0T
2

LRGSR
(19)—>(76) = | [¢"Tdx =(y*Y ‘

[ARIS

(77)

3k o m (T7) iy 5> (39) abad s (65IS0 L

1
39) = (77) = I¢Tde:(w@)T%{l}

(78)
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(One Dimensional Problems ) S S Ju‘\.....o

(The Ritz-Galerkin Approach) .5 J& -3, 4,

(Element Traction Force Vector) oLl Jsb 55,5 55

i ) Do 4 Ol s 1 (T8) dla

I(I)TTdX =(y° )T T (79)

OT‘)D‘&S

0T |1 ¢
T® =<
SRS

(Element Traction force) VT e okl Jsb s, s (T € R?
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(67),(73) & (79) = (59) =

(One Dimensional Problems) (gda3 & J5luws

(The Ritz-Galerkin Approach) .8 & -, oI

Bad e Al 53 Dy 4 (59) aaily 55 (79) 5 (73) (67) Ly, SIS L

@) KW =D (W) =D () T =D (W) P =0 (gp

(Element Traction force) fT € Ol S e 9,m 0 (P € R?

1 g e JS Sl Gl Do 4], BO) e

Y (KQ-F)=0 (81)

OT)J‘uS

F=f+T+P | (52)
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(One Dimensional Problems ) S gii Jj\nmﬁ

(The Ritz-Galerkin Approach) .5 J& -3, 4,

Y (KQ-F)=0
F=f+T+P

Lls Loyl s 3,0 Il laS S olpids (a5 bl s iW =) Wl ={y, y, \un}T cR”
(Global Displacement Vector) JS' b= ,ls :Q=qu ={0, 0, - O, }T e R”

(Global Stiffness Matrix) 5 e S ‘Ke R™ = Zke

(Global Load Vector) S &8 slas,s Jls, :Fe R"=f+T+P

(Global Body Force Vector) S u‘“)f o g ,s sy fe R = Zfe
(Global Traction Force Vector) 5 u‘“zf S sy, s TeR" = ZTe

(Global Point Force Vector) S a3 S aze slas,s s, :Pe R" = ZPe
¢ 45

(One Dimensional Problems) (gda3 & J5luws

A e o QLS 1y als Sl Cend a5k g i b g0 £ 5 A (IS 3 el el 0L e 53 =Y Jle
5l e IS anez W Jsde 3003 13 [ e a5 i Jb dols 23S (68 i o abe S i
S MNp s JS e o le 1S5 ol sllae 330 30052 ssled oS 5 Py S e shcd EL

ol osls QLS sy IS & S

~
- - <«
<
y—o-
oo
<
-—— -
S
_(\

v 27 v
Tzl E iAz ‘,
| A |
0
[
! Ayl
By | I
v i |
¢¢ 46 ¢¢
T4¢ I ¢A4 64
i v

=
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Qu\)ojfé‘)\.,\fojw‘jg_ﬂbwL;Lﬁdu‘md?edmmma

® © 0 0

(One Dimensional Problems ) S &3' thnmﬁ

1

E: Ql
A

2

FZI Qz
A

3

F3: Q3
41

F4: 0,
5

LR 702
X

- Jle by

@l Sl 5 oldl BL Sl s

ol ol oS oolas
© i J
1 1 2
2 2 3
3 3 4
4 4 5

ol slaws 1, =4

Q:{Ql 0, 0, 0, QS}T 63031 a3 sl Hpop =35
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- - <

(One Dimensional Problems) (gda3 & J5luws

Y e ey

(2.2)

4
k& = AE =113 1 2.3)
l, 1 |4

5
o = AL =114 ] 2.4
l, 1|5
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Ke R™® =z4:ke =

(One Dimensional Problems ) S &3' thnmﬁ

- Jle by

LAQL:J‘L;GLQS&ww}b&b}d@ﬁy@j@%ﬁ&ww}bw

e=1
1 2 3 4 5
AE AE 0 0 o 1.
Kl f]
_AE (AE  AE AE 0 o |,
61 fl 62 62
K = 0 _AZE AE +A3E _A3E 0 ; (2.5)
£2 £2 63 63
0 0 _AE £A3E +A4E] CAE |,
‘ 0,1, ‘,
0 0 0 _AE AE
49
~ (One Dimensional Problems ) S S Ju‘l.....o
9
Tli l ip l i A0,
" 29 /' -Y Jb by
T2¢ i i l ¢A2 gz
' o I (42) aafy ool s OLl o e (S50 Sl SO
I l y l |
r V4,0, “42) =
ST
' i v
| ¢ 45 ¢ v
T, | i VA0
¥ i o i v
i A0 12
& =2 (2.7)
X 2 13
13
1o = L/ (2.8)
2 1|4
114
f(4) — A4£4f { } (29)
2 1|5
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(One Dimensional Problems ) S gii Jj\.wo
- Jle by
Lol polad 8 5 oz (S50 122 035 (hopt jow iy 0 s S 25 oz (slas o ls » WSS

feRSZife =

e=l1
Alglf ] 1
2
Al AL |
2 2
ALf  ALf
f=22 473 3
> > (2.10)
ALf ALS
2 2
AL f 5
2
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(One Dimensional Problems) (gda3 & J5luws

} 1 '
T, | l i% l VAL
" 0 P Y b ey
T2¢ i i l ¢A2’€z
¢ 6 / (49) dal, ol Ll o Jub g0 sls LK
| l f l |
7 V4,0, (49) =
SRS A
' ! }
' ¢ 4é, ¢ }
T4i | | | P
’ or, (1) 2
T® =22 (2.12)
X 2 1] 3

1| 3
T<3>=%{} (2.13)

1] 4
T(4) — £4T4 { } (214)
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(One Dimensional Problems ) S gii Ju‘ Lo
¥ Jles el
LOlll sles (2,5 Jsb a0 Jlop 03,5 Glapd o dlows 4 doe 5 25 b slas s o S

Te R5=Z4:Te =

e=1

or, |
2 2
£2T2 +£3T3
2 2
oI, 0T,
2 2
€4T4

3 (2.15)
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(One Dimensional Problems) (gda3 & J5luws

Y e ey

Lol golad 8 5 55 pate (55, LMo 0 03,5 (Gl o oy 4 ahoe S 85 55 jate (gl o5 by LSS5

Pe RS:iPe =

e=1
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FeR =f+T+P =

(One Dimensional Problems ) S gii Jj\nmﬁ

-Y Jke ey
do 5 28 las s, S
)
2 2
(Alglf +£1T1j+(A2€2f +€2T2 +Pj 2
2 2 2 2 2
Al f 0T ALf 4T
F= 2 +222 |4 3 4233 3
( 7 ) J [ 7 ? j (2.17)
ALf +€3T3 +£A4£4f +€4T4] \
2 2 2 2
[A4z4f Ry s
2 2
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(One Dimensional Problems) (gda3 & J5luws

(Elimination Approach) 2i> 2y, 4 )0 il é Jlesl

S5 ey 03 Sl e Jlest — A

ol 3o Ko Gwsls Fos Q slajls sl ax s N s S 52

QeR"={0, 0, 0,

FeR"={F, F, F,

Kll
K21
K31

K12
K22

Ke R™ = K.,

K KnZ Kn3

nl

0.}

EY

’ (82)

:Qmi\:v.:a\)ﬁ- r.i,\{la.m.gb QT;oJJSng.K.:b.- (S1) 5 Jesly (5550 dolas 5315 (82) alaf, S
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(One Dimensional Problems ) S S Jj\nmﬁ

(Elimination Approach) Si> by, 4 )0 &l d Jls!

S35 SRy 03 e kel o Jlsl -

82)—=>(5) = H:%QTKQ—QTF =
_K11 K12 K13 Kln_ Ql Fl
K21 Kzz K23 K2n Qz Fz

H:%{Ql 0, 0, - Qn} K, K, K; - K, [10; _{Ql 0, 0, - Qn} F;

Kn3 Knn Qn Fn

K

K

nl n2

Q1K11Q1 +Q1K12Q2 +Q1K13Q3 +-- '+Q1K1nQn
+Q2K21Q1 +Q2K22Q2 +Q2K23Q3 +-- +Q2K2nQn

1
= H = 5 +Q3K31Q1 +Q3K32Q2 +Q3K33Q3 +"'+Q3K3nQn _(QlFl +Q2F2 +Q3F3 +"'+QnFn)
+QnKn1Q1 +QnKn2Q2 +QnKn3Q3 + +QnKann (83)
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(One Dimensional Problems) (gda3 & J5luws
(Elimination Approach) 2i> 2y, 4 )0 il é Jlesl
S5 s 03 S5 Bl Jlesl -

gh e andy 3 Sge 4 (83) daly il a0 O, =0, 5 O, =0y o bt s S OT 5L

o, Ko o, K ,0, +ou K 05+ + o Ko,
+0,K, 0, +0,K,,0, +0,K,,0; +---+0,K, a,
[M=— +0. K0, +O,K 1,0, +O0,K .0+ + 0K a, |~ (0, F +O,F, +OF, ++--+ao,F,) | (34)

+(XnKn1(xl +Q«nKn2Q2 +(XnKn3Q3 +.“+(XnKnn(Xn

&S u.(.M S ol den 0 1S 0 Ol anld pl 3 gd e esliad LD J:WL:-: S35, J.Ta\_).;- s 3l ol s
b S dosly 351 sl s Jolad Il b bl &5 Slal S o 035500 L o3l it S (50 sl
Ol 3 Vs o8 ldlaly amy 5o Llods Gl (84) daly 55 O 5 Q) sbls 0581 558 ax 5 Aol o Bl

] 53 D s 4 il dal g Dl I s L;.s\ﬂ@lg-ﬁﬁl.w); Loy lie Bl IS sl (65 50 a8 5l

dIl _
do,

0 i=2,3,4,-,n-1] (85
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(One Dimensional Problems ) S S Jj\nmﬁ

(Elimination Approach) Si> by, 4 )0 &l d Jls!

S35 SRy 03 e kel o Jlsl -

:.Lﬂda Cowd 4 3 S Vslae azws (85) 43 (84) alay (610K L

K0, +K 0, +"'+K2,(n—1)Qn—1 =F,-K,o,—K,,q,
K.,0,+K;0; +”'+K3,(n—1)Qn—1 =F,-K;,o, —K;,0,

K(n—l),2Q2 +K(n—1),3Q3 +- '+K(n—1),(n—1)Qn—1 = Fn—l _K(n—l),l% _K(n—l),no(n

(86)

K, K K2,(n—1) 0, F,-K,uo,-K,,q,
K K K, F,-K,o,-K,,q,
:32 :33 30-1) Q3 _ 3 31 :1 3 (87)
_K(n—l),z K(n—l),3 K(n—l),(n—l)_ 0, F, _K(n—l),loh _K(n—l),notn )
59
(One Dimensional Problems) (gda3 & J5luws
(Elimination Approach) 2i> 2y, 4 )0 il é Jlesl
S5A s o3 G kel g Jlesl -
KQ=F | (88)  cuis s, au Soyewils ol 87) dhay,
QI L 45
Qz F,-K,o,—-K,,q,
QER" 2_ ) Q3 FeR™ = F,-K; o, —K;,0,
0, F, _K(n—l),10C1 _K(n—l),notn
_ _ (89)
K, K K,
K e R0 _ K K Ko
_K(n—l),z K, K o )

s o amS  Jsgrme (85 la ol Jlais (88) o, >

(88) =

Q=K'F

Al

(90)
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(One Dimensional Problems ) S S Ju‘\.....o

(Elimination Approach) Si> by, 4 )0 &l d Jls!
oS 8-, ey sd ekl dlesl -0
s a8 bl sl BL) s 53 Ll A3k 0 O, =0, 5 O =0y e bt 2SO S5 L

Y,eR'={0 1 0 0 - 0 0}
Y.eR'={0 0 1 0 -~ 0 0}
Y,eR'={0 0 0 1 - 0 0V |[OD

¥, R ={0 000 - 1 0}

n-1

L blze =1 5 Jsl laalys Q1) daly 55 obisl olyids a8 Sluls glajls p slad 3 258 a5 a5 ol @

SOW Y P RRE Lol Hlads &S gol3] Sl s glassla

rls al s ot B | O 503,55 1IK L (81) Wales 53 1, (82) 4k, S
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(One Dimensional Problems) (gda3 & J5luws

(Elimination Approach) 2i> 2y, 4 )0 il é Jlesl

oS 8-,y s s skl s dlesl o

82)—=>@81) = Y (KQ-F)=0 =

K11 K12 K13 Kln Q1 Fi
K21 Kzz K23 Kzn Qz Fz

v K, K; Ki - K; Q57— |=0
_Knl KnZ Kn3 Knn_ \Qn Fn,

rKllQl+K12Q2+K13Q3+.”+K1nQn_E
K21Q1+K22Q2+K23Q3+"'+K2nQn_Fz
= |¥' K31Q1+K32Q2+K33Q3+°"+K3nQn_F3 =0 92)

\KnIQI +Kn2Q2 +K113Q3 +.“+Kann _Fn
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(One Dimensional Problems)  gJAss S Ju‘\.....o
(Elimination Approach) Si> by, 4 )0 &l d Jls!
oS 8-, ey sd ekl dlesl -0
192) dlay 55 1) bl 5l IS5 s S b 1 =2 ST (IS L

W) sl dbe 5k

Ko, +K,0,+K;0;++K o, —F
Ko, +K,0,+K,,0,+-+K, q,—F,
TzT(KQ_F):{O 1 o0 - 0 O} Ko +K,0,+K0,++K;,0, - F =0 =

Knlul +Kn2Q2 +Kn3Q3 +.”+Knn(xn _F

n

K0, +K,0; +"'+K2,(n—1)Qn—1 =F,-K,u,—-K,,q,

sdove ulgh )3 oy ool B6) il Olas 4 sdoes oS i o oS LSS, Aal bl e Vol S

335 o Jool= (90) abayl

Q=K"'F | (90)
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(One Dimensional Problems) (gda3 & J5luws
(Elimination Approach) Jji> jj, & )0 &l Jles! flf 4 (lf J=1

L pshae (AT L) Prl Pislas S gl Jlaie S1as 0T 55 L

0,=a, , 0, =0, , = , 0, =a,| 93)

45|j.>: F Jidajngu)ﬂ.})bﬁj Kﬁ&hﬂ.ﬂw}lﬂ)‘ p,ﬂ (R pz « Py L;LAJE.MQJJS::}:}J dj‘ rg

'L’j"':’@ C;b ealeud J‘)jﬂ.l:.gJP-‘f‘)J

r 7 A
p]’l Kplaz Kpl’3 o Kplﬁn Fpl
Kp251 KPZ’Z KPZ’?’ o KPZ’" P2
p3.l P3,2 KP} 3 o KP} N FP3 (94)
_Kp 1 Kp 2 Kp,ﬂ 3 Kpr L . Fpr J 1
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(One Dimensional Problems ) S S Jj\nmﬁ

(Elimination Approach) s> bj, & <), bl s Jls! flf " f\f J1

oo b KeR™ 8 s b 5P, 05w 5 o 5o« Py Ogiw 5 S (P Qj:..,:jjh.ﬂ_é.l;-:p: flf
LSLAJJT.”‘)‘:J")‘ pr 9 T« p2¢ p] leﬁjb—w ML;M‘))JQM-L.; M‘FKE R(n_r)x(n_r)e.MT C,...»:J‘L’JSL#L«.»
slaalls 51 &K .ubdal_?e R"™ sdal s 4 B S slass sl Lsd o Sd- FER" 8 25

33 8 C‘,\La\ﬁ)‘ oo S 28 slas,s sy

F=F (K, 0K otk 0,) | 09

oy Jo 5 Jsprme 2 S 3lie Sl Culgs S il ad pshee Ol s oS ol gal3] ol s pled @ bosse i et
:_L«,Tdo s 4 (90)

Q=K'F | (90)
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(One Dimensional Problems) (gda3 & J5luws

(Elimination Approach) Jji> jj, & )0 &l Jles! flf 4 (lf J=1

EaSS 4y Lgye oS ool Dl 53 LSS Gla 2815 sl 48 s et o td SOl Sl esliad tp g flf

1235 r deslome 55 D50 4 D

D1 Kpl’l Kp172 Kp173 o Kphn Ql Fpl
P2 P2l D252 P23 o Pan J QZ P2
> = e S —<
RP3 KP3’1 KP3>2 KP} »3 KP3’” Q3 FP3 (95)
Rpr rx1 _Kpr 51 Kp) ’2 Kp) 93 o Kpr g drxn Ql’l 7 }’l)(l \Fpr I‘Xl
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24 in

12 in

(One Dimensional Problems ) S S Jj\nmﬁ

Cabes b Gys S5 ek el 0l L5 Y e
Sl G atetNl oo sl sl asle f O eSS
oMo A3l o P OT o A5 O35 e S B L o
ol alas by 3PS et (65,0 S S 055 O
PS5 bl Uy pand Sl Ol 355 3l S
Joddl oS izman 5 58 e o i s A5 (S

PRy
t =lin
E =30x10° psi
p =0.2836 b /in’
P =100 b
67

(One Dimensional Problems) (gda3 & J5luws

¥ e ey

Qw‘joﬁd)\KOJMj;ﬂﬁmdudw\MW&MM

24 in

12 in

!

@3l Sl s 5 aoldl LUl s

ol ol o S oolas
© i J
1 1 2
2 2 3

oLl slass 1, =2
@351 3 sl Mpop =3

Sip ki 1BC




(One Dimensional Problems ) S gii Jj\.wo

¥ Il ey

5.25in
—
_ 1 OT
0,
12in i @
12in @
2 3
| | k(2)=(3.75><1)><(30><106) L -2 | 39
0. 12 -1 1|3
X
3.75in
(One Dimensional Problems) (gda3 & J5luws
¥ e by
LOldl oled e s 5le 035 (St jo dhss s oo |5 s g Slo LSS
5.25in
T 2
KeR¥ =Yk’ =
e=l1
12 in
1 2 3
T 20x10° 525 -=5.25 0 1
K=" 525 o9 375/2| G
12 in 0 375 3753




12 in

12 in

(One Dimensional Problems ) S gii Jj\.wo

¥ Il ey

12 in

12 in

FeR =31 =

e=1

8.9334
f=715.3144
6.3810

1
2 | (3.6)

3

03,5 St s @ dho I8 25 S ate glay o Ll JSCES

Loldl olos (25 55 ot S5 U3

Pe R’ =22:P@ =

e=l1

por _ (B5X1)x12x0.2836 1 o [63810] 2 | Lo
i 2 1 6.3810] 3 .
3.75in
(One Dimensional Problems) (gda3 & J5luws
o Sl sl
03,5 (St o dhowy @ ale S A5 oz by b S
5.25in




(One Dimensional Problems ) S gii Jj\.wo

¥ Jls ey
doo J§ 2 S Glas s Jlsp JSES
(3.6)&(3.7)
FeR'=f+P =
5.25in
- IOT 8.9334 8.9334 1
4 F=:153144+100; = |F=<115.3144}; 2 (3.8)
12 1@ 6.3810 6.3810 | 3
1 0,=0 B Sy w S Bl dls
12in @ fﬁéujﬁjbﬁjdsdsww;u;\lL;Lmjla..qosjsoﬁA:d;lrLf
L 3¢ 30%10°
0, {Kn K, K13}: 12 {5'25 —5.25 O} (3.9)
Y .
3.75 in F,=8.9334

(One Dimensional Problems) (gda3 & J5luws

¥ e ey

e b B S 5 Gl Sap ST e i b a5 JS gt il ST Ot 5 e tpgs o8

::sjfd» C‘)Lp\ﬂ)' Q)ya\.gfdﬁjféujﬁj)\;ﬁ sballh 5l K a

(3.10) =

F,=1153144

F,=F,—(K,0,)=6.3810-(0x0) = |F,=63810 | (3.12)

3.11)




(One Dimensional Problems ) S gii Jj\.wo

¥ Il ey

I 5[ 9 —375 115.3144
88) = KQ=F = |>2x19 Q.1 _ (3.13)
12 =375 375 |lo,[ ] 63810

(s V“"'M)} 3.13) dJsles J" 3

{Qz}_ {0.9272} .
(3.13) = = X107 in | (3.14)

0, 109953

Dah g WIS p3 s 4 S a8 sl amd s

0 0
(3.14) = [Q={0,1=109272}x10"in | (3.15)
0, 109953

(One Dimensional Problems) (gda3 & J5luws

¥ e ey

23) = G@:EE%H 1}{5}} (3.16)

o =23.18 psi | (3.17)

1 0 (3.15)
3.16 @Q_fF —f_ 2
( 'z ° = fz{ 1 1}{Q3} -

o? =170 psi | (3.18)

0.9272x10°
0(2)=30><106%{—1 1}{ * }

0.9953x107




(One Dimensional Problems ) S S Jj\nmﬁ

¥ e ey

EaSs 4 by e S LS"‘J.T Sl s s L;"‘Lf‘%i: sla sty oJl rLf 05 ol oty Oledlbl i eslanad Zr}w flf

355 L dlows 25 sy 4

0,
95) = |R,={K, K, K;}10,-F| (.19

0,

o2 3.19) 53 B15) 5 B.9) als, oK U

R, =-130.61p | (3.19)

(One Dimensional Problems) (gda3 & J5luws

femld.m :4l ,, jat ru -V Jle c,.,\i
LO4EX03.txt : g3, LU ol

5.25in
Next line is problem title << 1D STRESS ANALYSIS USING BAR ELEMENT >>
EXAMPLE 4.3 .
NN NE NM NDIM NEN NDN 1
321121
ND NL NCH NPR NMPC o
13220 12 in : @
Node# X-Coordinate
1 0 f
2 12
3 24 1 | 2P
Elem# N1 N2 Mat# Area TempRise (NCH=2 Elem Char: Area, TempRise) ; i
1 12 1 5250 :
2 23 1 3750 in
DOF# Displacement 12in : @
10 !
DOF# Load
1 8.9334
2 115.3144 1 3
3 6.3810 0
MAT# E Alpha 3
1 30E6 O X
B1 i B2j B3 (Multi-point constr. B1*Qi+B2*Qj=B3) 3.75in
—
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RLO4EX03.txt
EXAMPLE 4.3

NODE# DISPLACEMENT
1 5.8057E-10

2  9.2726E-06

3  9.9533E-06

ELEM# STRESS

1 23.18

2 1.7016

NODE# REACTION

1 -130.63

(One Dimensional Problems) 6“\*; &3' Ji\.....o

¥ Il ey

79

(One Dimensional Problems) (gdad &S JSlaws

(Penalty Approach) Jbs Sy, 4 )0 &l e ksl

SiA sy o3 G bl s Jlesl -l

sl € sl ew b3 K3l o84S (il Jbe (610 .l 55 50 0, =q, Sop bs s ol o2 b
Suhie bulr O e 4 b Gl S il sl esls LA ISS ps &S jskiles (Il s s e

Syl O bl L8 s e OLES o3l &S oS s Ceglie [ w0 1 331 a3 slaal s 0, s=b=

b@m\j‘fﬂjéoMoﬂ}b&;'ngéjf‘M)bw‘ QI_QI L’J"‘J"J&U"Ab-g}g‘;ﬂ."*:

1
Uspn'ng = EC (Ql _Q.l)2 (96)
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(One Dimensional Problems ) S S Ju‘\.....o

(Penalty Approach) b by, 4 55,0 &l e Jhsl

S35 SRy 03 e kel o Jlsl -

Bad e alds 53 Dy 4 (O1) alaly (8 ys el 6,y (65 Oluasl L

(5D &O6) = H=%QTKQ+%C(Q1—%)2—QTF ©97)

S s eslsl Sl s sle 3 5 Jlade Blas IS sl (6551 45 50 QTJ{ Vs &S gladaly as s

el 55 Dy 4 Sl dal gt Jolas

1,3,4,--,n | (98)
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(One Dimensional Problems) (gda3 & J5luws

(Penalty Approach) Jbs Sy, 4 )0 &l e ksl

S5 ey 03 Sl e Jlest — A
il m.:ab:‘- 98) adaly oo L

(K, +C)
K
K

31

21

K

nl

K12 K13
K22 K23
K32 K33
KnZ Kn3

Kln | (QI E +C(X1\

K2n QZ FZ

K3n Q3 = F;; (99)
Knn a Qn Fn

A2l O =y oS das e ams Gosb L S a8 ol s (99) b, -

Ao ale S ABaSS Jadll (SoJlite Q0 5 Al K5 i o e b

1335 gp Asloes

R =—C(Q, —q,) | (100)
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(One Dimensional Problems ) S S Jj\nmﬁ

(Penalty Approach) b by, 4 55,0 &l s Jhsl

oS 8-, ey sd ekl dlesl -0

el Gl 28 6550 b SIS Jlae Al 54 e Q] =Q S b S ol i

bl ‘I’e]R"={\|;l Yo o \Ifn}TLSJl?w

W, =y, xC @, —qo,) | A0D)

81 & (101) =

Dy o g p5 Do ds BL) dady b (65,0 (Gl LS Sl L

y' (KQ-F)+y,C(Q, —q,)=0 (102)
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(One Dimensional Problems) (gda3 & J5luws

(Penalty Approach) Jbs Sy, 4 )0 &l e Jhsl

oS 8-,y s s skl s dlesl o

L3l 5 b s elds a5 bl glagls  (102) aad; s

YeR'={1 000 - 0 0O}
Y,eR'={0 1 0 0 - 0 Of
Y.eR'={0 01 0 - 0 0} |(103)

¥ eR'={0 000 - 0 1)

s mAb:'— (99) Jslre Olaa 4 sd=e (102)

_(Kn +C) K, K; - K, ||Q F +Co,
Kzl Kzz K23 KZn Qz Fz
K, Ky, Ky - K; 1O9;51= F; 99)
L Knl Kn2 Kn3 sz_ Qn Fn
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(One Dimensional Problems ) S S Jj\nmﬁ

(Penalty Approach) b by, 4 55,0 &l e Jhsl
C Sl o g
Kty a2 (99) a5l lsles sl 38 a5 U

99) = [(K,,+C)O,+K 0, +K ;05 +-+K, 0, =F +Cq, | (104)

g amS C Ly (104) ) o b s

< | K K K K F
104) = | (L +DQ0,+—20,+—L0,+--+—20, =—1+ 105
(104) (C )0, c o9 c S ot (105)

Jyubw‘é‘)f&lSQ‘)‘J;‘M FLS)}'"’) K W&&M‘)JL‘ML&A)JC)‘M;‘(105)4.&.’\)4.’4}-)4L’

DY o Qi‘ BE

[ C>>K, &F = (A0 + Kfz Q3+ 7ﬁ 7% =10, =0, (105)

Sl e ols, L‘”EWE AShos -’J‘fls*’ Sl B 5l 55 e 4 C e Sl

483 83l (5 5 glS dplome Zunsos SD | C = max (K, )x10* | (106)

(3503 Slstil 30 1y 68,5 C Ol .

(One Dimensional Problems) (gda3 & J5luws

(Penalty Approach) Uy by, 4 (50 Ll s dlesl o8 4 o8 1 50

L pshae (AT L) Prl Pislas S gl lie S1as 0T (55 L

Qm:ul ) szzoﬁz s T Qpr=0(r (93)

‘Fpr «Coq, . szst_gCO(zc Fpu A{CQ]QJ}«JQL;E\QFﬁfﬁ&;ﬁ)\sﬁc‘)u\w K K
sl KER™ 25ir QER” sl 5 (05 sl Sy o 42 2o 8 KQ=F dibae Jo e

Mb&ov\.}cﬁ)\-«é‘fﬁd)ﬁ)‘bﬁ FERn jo.,\,icﬁu‘gﬁiﬁw

BT gla [uS]y alos ‘s (:\f

R, =—C(0, —o,) i=12,-r [107)
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(One Dimensional Problems ) S S Jj\nmﬁ

u}.UaA ) ol sl mﬁjﬂj .Ny CJ)LQI.A Lguwbu,bujb ‘)‘ Jg.i‘)b ol el Olis 41.:,4 -¥ JL}'.G

P =200x10° N
: 300 mm : 400 mm :
Aluminum Steel
A =2400 mm* A =600 mm?

E =70x10° N /m?

E =200x10° N / m?

(S sl -
A Gl el S -
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(One Dimensional Problems) (gda3 & J5luws

Qw‘joﬁd)\KOJMjmmdudw\MW&MM

O %

P T —— SO
1 2 | 3
, 300 mm | 400 mm ,
Aluminum Steel
A =2400 mm* A =600 mm*

E =70x10° N /m

2 E =200x10° N /m*

—F e ey

@3l Sl s 5 aoldl LUl s

ol ol o S oolas
© i J
1 1 2
2 2 3

Ol sl 1, = 2
@351 3 sl Mpop =3
Sipo ki 1BC
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(One Dimensional Problems ) S gii Jj\nmﬁ

O -4 .
T E— ORI 4 T
1 ’] 3 (34) dat; Lol OLl i e le LS55
: 300 mm : 400 mm :
Aluminum Steel
A =2400 mm* A =600 mm*
E =70x10° N /m”* E =200x10° N /m”*
2 3
k(z)_(600)><(200><109><10_6N/mmz) I ~1]2 | 42
400 11
89
(One Dimensional Problems) (gda3 & J5luws
¥ Jlie fuly
\ 0,
RO o L%
P =200x10° N | X
T e -
doowy 4 do o 5o }.&.L"
C300mm 400 mm o A G
| | | Lol golad e oz ile 03,5 (siggot o
1 2 3
L 056 056 0 ] 1
KeR™=J k" = K=10'x|-0.56 086 -030| 2| (9
0 -030 030 3
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(One Dimensional Problems ) S gii Jj\nmﬁ

¥ Jto ey
0, 0,
— O -
T e— ONE. 5 X ) .
i 2] 3 o oake 5 a5 St slag g s p SIS
Srte Sop n 055 Ghuer e Ao

Pc R’ =22:Pe =

e=1

0 1
F=:200x10°}2 | (4.5)
0 3
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(One Dimensional Problems) (gda3 & J5luws

¥ Jts el
O o %
- ; Al Sas 4 o Rl dles!
o z’__—_z_o_om,f:, _____________________________ 5 ¥ A Ao 4 i Bl
3
0,=0 , 0,=0
300 400 ) /
| e L ’ P Sl s e Sl ol iyl o8
C =8600x10° | (4.6)
1 2 3
05 0 i
@3)&(46) = |K=10°%| 056 086 —030 || *7
0 —030 ;
0+(8600x10°)(0) 0
= 200x10° = |F=4200x10"}2 | (4.8)
0+(8600x10°)(0) 0 | ;




(One Dimensional Problems ) S gii Jj\nmﬁ

—F Jle el

Bad p Ads 53 e 4 Jols dslas

(4.7)&(4.8)

KQ=F = | 10°x

8600.56 -0.56 0 0, 0
-0.56 0.86 -0.30 |10, =14200x10’ (4.9)
0 —0.30 8600.30 | |0, 0

1l o cs 4 S a5 gl ol s, (49) dsles > L

1

0,] [8600.56 -0.56 0o | [0
(49 = {0,¢r=| -0.56 0.86 —0.30 200 X107
0, 0 —0.30 8600.30 0
0, 15.1432x10°°
= [10,p=1 023257 tmm | (4.10)
0, 8.1127x107°
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1 0,
411) = oV=f —I-
(4.11) o Elgl{l 1}{Q2} =

I
0 =70x10°x10° ——{~1 1
° 3000 }{

(One Dimensional Problems) (gda3 & J5luws

—F e ey

(4.10)

o' =54.27 (Mpaz N 2) (4.12)
mm

15.1432x107°
0.23257

-3(2):—116.29(Mpa= sz (4.13)
mm
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(414)=> R =-C(0 -u,)

R, =130.23x10° N
-

(One Dimensional Problems ) S S Jj\nmﬁ

—F Jle el

:PE AT sl foadl Ko anlons

—8600x10°(15.1432x10° -0) = |R, =-130.23x10° N |(4.15)

R, =-69.77x10° N ((4.16)

P —200x10° N R, =69.77x10° N
- <
. 300 mm 400 mm .
| | ' 95

LO4EXO04.txt

EXAMPLE 4.4

NN NE NM NDIM NEN NDN
3221 21

ND NL NCH NPR NMPC
212 20

Node# X-Coordinate

1 0

2 300

3 700

1 1.2 1 2400 0
2 23 2 600 O
DOF# Displacement

1 0

3 0

DOF# Load

2 200000

MAT# E Alpha

1 70e3 0

2 200e30

(One Dimensional Problems) (gda3 & J5luws

femld.m :4l ,, jat ru -¥f Jle c,.,\i
LO4EX04.txt : (g5, LU (’U

Next line is problem title << 1D STRESS ANALYSIS USING BAR ELEMENT >>

Elem# N1 N2 Mat# Area TempRise (NCH=2 Elem Char: Area, TempRise)

B1 i B2j B3 (Multi-point constr. B1*Qi+B2*Qj=B3) 300 mm 400 mm
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RLO4EX04.txt
EXAMPLE 4.4

NODE# DISPLACEMENT
1 1.5143E-05

2 0.23257

3 8.1127E-06

ELEM# STRESS

1 54.263

2 -116.28

NODE# REACTION
1 -1.3023E+05

(One Dimensional Problems ) S S Jﬂ.wo

- Jls by

3 -69769
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(One Dimensional Problems) (gda3 & J5luws
oS ol o gllae 35l Aol (LS 1 ps 1 1.2 mm alols 4 ol esls LiS e =0 Jlie
A bl -l
ool ldae —
1.2mm o '
i A aSS s Jasl oS -
—Frs Wall
150 mm :
P =60x10° N
A =250mm’

E =20x10° N /mm*
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(One Dimensional Problems ) S gii Jj\nmﬁ

dw‘jajfd)‘ﬁa)wjmLSLAOLJ‘MWLSMM

1.2mm
—
Ql QZ Q3

I—> |—) Wall

P
Ol- """""" —)oé """"""""" +3" — X
: 150 mm : 150 mm :
P =60x10° N
A =250mm?

E =20x10° N /mm*

-0 Ji rly

@3l Sl s 5 oldl Ll | s

Ol 6 slecs o S o la
© i J
1 1 2
2 2 3

Ol sl 1, = 2
351 a5 Blaes Moy =3
ikl 1BC
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(One Dimensional Problems) (gda3 & J5luws

1.2mm
—
Q1 Qz Q3 _O ‘JE'A : b
— — > v !
P
1‘ """""" —)oi ---------------- +§- — X
©) @ (34) alafy Lolod s 0Ll e s ile 503
. 150mm | 150 mm
i J
AE |1 -—1]i
P =60x10° N (B4) =| k'= 5{1 1] =
A J
A =250mm*
E =20x10° N /mm*
2 3
150 -1 113
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(One Dimensional Problems ) S gii Jj\nmﬁ

1.2mm
|_|
0, 0, 0, A e,

— — B Wall 6 i cwti
Ol— """"""" —P)oi """"""""" +§' — X

_ 150mm 150 mm dwy 4 de 8§ o b (WS

LaOldl poled (e g Slo 035 Gl e

P =60x10°N

A =250mm*

E =20x10° N /mm”>

1 2 3
5 2soxox1ohy | - o O
KeR™=3 k' = | _250x20x100) | = .| | (53)
e=l 150
-1 113
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(One Dimensional Problems) (gda3 & J5luws
1.2mm
—

0, 0, Q3 _ PO
I_) |_) I_—) Wall ® JLA cdti
Ol- """""" —P)oi ---------------- +§- — X

0 © ke 5 a5 S e slas g by JS
. L ,
_ 150mm 150 mm___ Fose Gap Sop 225 Sphre oo

Pe R’ :ZZJPE =

e=1

el A S S e sl s Olen S (85 slas s sl cpl b S Sk S 5 e slag i aS bl

0 1
F={60x10°} 2 | (5.5)
0 3
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(One Dimensional Problems ) S gii Jj\nmﬁ

1.2mm
|_|

0, 0, 0, -0 Jb S5

— — = Wall &=
e —P>oi ------------------ %- — X S S a6l s dles!

150 mm : 150 mm {

YR P R U S P Y P F ST

Loy p a elS 50 kild oS 12 T L uS e

ok cpl gl s (S lps b odie 35 0 pde

SlosS o U1 s s pde o5 L 1 abka

Gl e Bl pasb O3 >1.2mm 2 3 el

By Do 5355 2 S nl 8 2
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(One Dimensional Problems) (gda3 & J5luws

1.2mm
H

0, 0, 0, -0 ‘JE'A e s
= — = Wall &=
Op-namanees —P>oi ------------------ %- —— X S P a6l s dles!

@ @ Nps sz pde oA L 650 Ll o -l
150mm | 150 mm 0,=0
R I N e | f‘f
2
C =§><109 (5.6)
1 2 3
10° op
(53)&(5.6) = K:TX -1 2 —1|2| (5.7
0 -1 1]3
0+C(0) 0 1
=1 60x10° } = |F=160x10"}2 | (5.8)
0 0 3
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(One Dimensional Problems ) S gii Jj\nmﬁ

-0 Ji rly

Dpd e aldy 53 O 4 dol dlsles

(5.1

0)

20001 -1 0 |(Q, 0
_ (5.7)8(5.8) 105
KQ=F = EY -1 2 -1[0,=160x10 (5.9)
0 -1 1|0, 0
Ll s S a8 obulr s, (5.9) doles |- U
0, 20001 -1 0] 0 0, 0
(5.9 = <0, T -1 2 —1| {60x10°; =|<Q,;=<1.8 mm
0, 0 -1 1 0 0, 1.8
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(One Dimensional Problems) (gda3 & J5luws

O+§x109(1.2)

-0 e ey

(5.12)

1.2mm
H
I_Q; l_Qi I_—Q)3 Wall
ommmnmanees e %- > X S P a6l s dles!
O @ Nps b o, 2 2L 5 NS -0
150mm | 150 mm
PSS g s e Sl el iyl f@
1 2 3
10° o0y
(53)&(5.6) = 1‘(:T -1 2 -1 | 6.1
0 -1 3
2 0
0+§><10 (0) 0 1
= 60x10° = | F={60x10"} 2
80x107 | 3
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(One Dimensional Problems ) S gii Jj\.wo

-0 Ji rly

Dad e Al 53 e 4 ol dslas

20001 -1 0 0, 0
_ (51D &(5.12) 105 5
KQ=F = [==x| -1 2 -1 10, =160x10 (5.13)
0 -1 20001 | |0, 80x10’
:..Lﬂda Cows a S a8 e sl s (5.13) dslas |
0| , [20001 -1 0 (o
(5.13) = 10, =T57% e A | 60x10°
0, 0 -1 20001 80x10’
0] [7.49985x107
= [10,t={ 1500045 'mm | (5.14)
0, 1.200015

107

(One Dimensional Problems) (gda3 & J5luws

-0 Jis jraly

23) = o<e>=Eeé{—1 1}{2} (5.15)

o =199.996Mpa | (5.16)

1 0 (5.14)
5.15 Qg —J_ 2
( 'z ° = (2 { 1 1}{Q3} -

1.500045
1.200015

c(2)=20x103${—1 1}{ o? =-40.004 Mpa| (5.17)
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(One Dimensional Problems ) S S Jj\nmﬁ

-0 Jle muly
:PE AT sl foadl Ko anlons

R, =—49.999x10° N [(5.19)

(5.18) = R3=—C(Q3—0(3)=—§><109(1.200015—1.20) = |R, =-10.001x10° N |(5.20)

R, =-49.999x10° N P =60x10° N R, =-10.001x10> N
— — -
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(One Dimensional Problems) (gda3 & J5luws

femld.m :4l ,, jat ru -0 Je c...\i

LO4EX05.txt : g3, LU ol

LO4EX05.txt

Next line is problem title << 1D STRESS ANALYSIS USING BAR ELEMENT >>
EXAMPLE 4.5

NN NE NM NDIM NEN NDN

3211 21

ND NL NCH NPR NMPC

212 20

Node# X-Coordinate

1 0

2 150

3 300

Elem# N1 N2 Mat# Area TempRise (NCH=2 Elem Char: Area, TempRise)

1 12 1 250 0

2 23 1 250 0

DOF# Displacement

- o o 0
3 1.2 | | | 2 | 3
DOF# Load

2 60000

MAT# E Alpha O P O é L 5
1 20e30 1 2

B1 i B2j B3 (Multi-point constr. B1*Qi+B2*Qj=B3) @ @
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RLO4EXO05.txt
EXAMPLE 4.5
NODE# DISPLACEMENT
1 7.4999E-05

2 1.5

3 1.2

ELEM# STRESS

1 200

2 -40.004
NODE# REACTION
1 -49999

3 -10001

(One Dimensional Problems ) S S Jj\nmﬁ

~0 e fely
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(One Dimensional Problems) (gda3 & J5luws

(Multipoint Constraints) <y g5+ sl &
2SS eSS Gl S loile Slagagn
ol Dldad L 5 e bt mhe (g5
Lyl s a3l el eslisad oLl e Jlasl ki

LSb o atasly Sy s 4 (S50

14 14
%:_1 = Q1__1Q5:O
o, ¢
&zzﬁfz 0 _£1+£2
0. / 2 /

0, cos(0)+0,sin@) =0

0,=0

4.1....3\‘5 LSJJ" .kg.\fl: :Ql 7Q2

Wd)ﬁ@‘ﬁ :Q3 7Q4
PRSP N OF
MU LS)]‘ k‘.’.‘}"" :Q2 9Q5
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(One Dimensional Problems ) S S Jj\nmﬁ
(Multipoint Constraints) awuly 5,0 sl ¢t§ < ¢l§ =1

L anils sy 55 Pa s Pio ool Sl gs s anals 65 ,e ll s &S 0T 55 L

BlQp1 + Bzsz =B, (108)

Jidmjfdjfg)bﬁjdiﬁww;u)\&uqbs +C S, S8 ol 4 sie KOs ses 6l L :Jyl f\f

i sh g ol 5 e Sl Py 5 Pr sl Sl s b ble oS

2
|:KP1P1 i!’ll’z i| - |: KPlPl +C Bl KPle +C Bl B2:| (1 09)

K, +CBB, K 2+C[322

{Fp } {Fp +C BoBl}
‘ N ! (110)
F, F, +CR,B,

Rpl =-C}, (B]Qpl + Bsz - Bo)
R, =—CB,(BQ,, +B.Q, —B,)

PPy PaP>
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(One Dimensional Problems) (gda3 & J5luws

doo S by IS5 3 el esls Ol a5 —F Jls

oS el o gllas Liledd st oa 4 055 O o

& o o il
Laadls 31K 5y Al -0

4.5m

St Al 3m

P =30x10° N
Steel

A =1200 mm?>
E =200x10° N /mm?

2m 3m 1m

Aluminum
A =900 mm*

E =70x10° N /mm*
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% s ey

Qw\jojféj\ﬁo)qubwLSLAOLJ\@WLS.@M }
@331 Ol s 5 apldl LSl s

’ T3 v/ Ol 6l o S o la
) © i J
Q4
4.5m ©) } 1 3 1
5

Ol sl 1, = 2

Q:{Ql 0, 0, 0, QS}T 331 a3 slaas Mpop =3
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(One Dimensional Problems) (gda3 & J5luws
L)Laj‘jojf 6)‘.)5 o)wjo_.él;’.&w LSLAQLJ\MW&MM
& 5 Jto jely
T 3
L @ i 112 B
4

4.5 ® 0.
; St Al @ 3m

6.1)
| 2m | 3m | lm | Jirs 55,0 2 10550,
Ql\ wsls 550 Ll 101505
! \“~~~\s‘
0, \Qs wtly S50 Ll 2 1055 0
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(One Dimensional Problems ) S gii Jj\.wo

V —% Jls pewl
45m 0 lo, &b
o 5
1 34) =
0, 0, >
M P =30x10° N P
Steel Aluminum k¢ = AeEe { 1 _1:| / -
A =1200 mm> A =900 mm?> (, -1 1]y
E =200x10° N /mm?*> E =70x10° N /mm?>
3 1 3 1

k(l)z(lzoo)x(zooxms)r —1}3:> k(1)=103>{53.33 —53.33}3 6.2)
4.5%10° mm

-1 1 5333  53.33 |,
4 2
k?® =10°x 2L =214 6.3)
21 21|,

17

(One Dimensional Problems) (gda3 & J5luws

—# e ey

ey a de 5 e Gl SIS

ol olod e g 5o 035 (Skuet

K e RSXS — ike

e=1

1 2 3 4 5
5333 0 5333 0 O
0 21 0 210
K=10"x|-5333 0 5333 0 o0]3 [ ©4
0
0
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(One Dimensional Problems ) S gii Jj\nmﬁ

- e ey

ke 5 A S e slas g by JS

S O O

30x10°

St Sapp obp 005 e e dews
0 1
| | 0 5
2
PeR'=> P =| P= 0 3 | (6.5)
e=1 0 4
30x10°| s

O3 opl el Jsb RIS 5 e a5 oS bl

sl @Jfﬁjdﬁéu)ﬂ;)bﬂ Ol
(6.6)

F S sl
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(One Dimensional Problems) (gda3 & J5luws

—# e ey

Ay sy 4 85 15 Jlas

0,=0,=0

0,-0.8330, =

0,-0.3330, =0 (6.1

0

oS S s 5 e e ol gl 8

C =53.33x107 | (6.7)

(6.9)

; 5333 —=17.77|!
0’ x
-17.77 5.9259

1 5

5
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(One Dimensional Problems ) S gii Jj\nmﬁ

5 s ey
A s 4 85 el dlesl

Q3 =Q4 =0
0,-03330, =0

(6.1)

0,—-0.8330.=0

108) = B0 +B.0. =B = [B,=1 , B,=-0.833 , B,=0 | (6.11)

| 2 (6.12)

2 5

(109)= Cx B BB | syggry| D7 (D083 =107>{53'33 _44‘44}2

B, B ' (1)(—0.833)  (—0.333)? —44.44 37.037 |
(110)= Cx BB, =53.33%x10" O | o1 (6.13)

BoB: (0)(—0.833)| ||0] s .

0,-0.8330, =0

oS S o 5 e e ol gl pE

(6.9)& (6.12) = (6.4) =

(One Dimensional Problems) (gda3 & J5luws

—# e ey
Ay s 4 55 Bl Jles

oS S o 5 e e ol iyl 8

ool sl 2 0, =0,=0 @ sl pimes
Sl b blae g ks cbaalys 4 C S5 ldis sl

» S 6l 0, 5 0, sl

(6.14)

1 2 3 4 5
53.33+53.33x10* 0 -53.33 0 0-17.77x10* 11
0 21+53.33x10* 0 21 0—44.44x10" 2
K =10°x -53.33 0 53.33+53.33x10* 0 0 3
0 -21 0 21+53.33x10* 0 4
| 0-17.77x10°  0-44.44x10° 0 0 0+5.9259%10* +37.037x10* | 5
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(One Dimensional Problems ) S gii Jj\.wo

% e ey
Ay sy 4 65 Ll b Jles!

S Sl s p 5 e il ol il o8

Pl el g (6.14) aal, g5l sl L

1 2 3 4 5
[ 533386.7 0 -53.33 0 ~177777.7] 1
0 533354.3 0 21  —444444.4 | 2 615
(6.14) = | K=10’x| -53.33 0 533386.7 0 0 ;| @19
0 -21 0 533354.3 0 4
| —177777.7 —444444.4 0 0 429629.6 | s
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(One Dimensional Problems) (gda3 & J5luws
% Jbe fuly
Bph Ay 53 O 4 ol dlsles
KQ=F =
| 533386.7 0 -53.33 0 -177777.71 (0, 0
0 533354.3 0 21  —444444 4|0, 0
10°x| —53.33 0 533386.7 0 0 0,r=3 0 (6.16)
0 -21 0 533354.3 0 0, 0
(—177777.7 —444444 .4 0 0 429629.6 ||05) [30x10°
il o cs S a8 e ol s (6.16) dales > L
0, 0.486
0, 1.215
(6.16) = [0, =J4.85><10‘5 s mm | (6.17)
0,1 [478x107°
Os] | 1457

124




(One Dimensional Problems ) S gii Jj\nmﬁ

- e ey

: Saw '. ‘

23) = C;<e>:E€é{—1 1}{5}} (6.18)

1 1.215 N
D =200x10° ——1-1 1 = o’ =21.60| Mpa = 6.19
© 2500 M o4s6 N pa=_7 || €19

4.85x107
1.215

1 N
@ _70%10° 11 1 @ 9835 (M 0= ] 6.20
N 000t U N pa=-—7 €29

125

(One Dimensional Problems) (gda3 & J5luws

—# e ey

107) =R, =C (0, —0,) i=3,4[(62]) L AE ST (sl Jonll oSt

(6.2)= R,=-C(0;—q;)=-53.33x10"(4.85x10°-0) = |R,=-26.002x10° N | (6.22)

R, =-25.599%10° N | (6.23)

R, =-26.002x10° N |,
4 ¢R4 =-25.599x10° N

St Al

P =30x10° N
126




(One Dimensional Problems ) S S Ju‘\.....o

femldm :al , LU oL —f Jls C“l'l

LO4EXO06.txt (639,79 JJ"LQ rL;

LO4EXO06.txt
RLO4EXO06.txt : 5,5 LU U

Next line is problem title << 1D STRESS ANALYSIS USING BAR ELEMENT >>
EXAMPLE 4.6
NN NE NM NDIM NEN NDN

5221 21 T
ND NL NCH NPR NMPC

211 2 2

Node# X-Coordinate

1 0

2 0

3  -4500

4 -3000 -
5 0

Elem# N1 N2 Mat# Area TempRise (NCH=2 Elem Char: Area, TempRise)
1 13 1 1200 O

2 24 2 900 0

DOF# Displacement

3 0

4 0

DOF# Load

5 30000

MAT# E Alpha

1 200000 O

2 70000 O

B1 i B2j B3 (Multi-point constr. B1*Qi+B2*Qj=B3)

1 1-033335 0

1 2-0.83335 0 127

(One Dimensional Problems) (gda3 & J5luws

% Jla el
RLO4EX06.txt <

EXAMPLE 4.6

NODE# DISPLACEMENT
1 0.4876

2 1.2191

3  4.8755E-05

4  4.8002E-05

5 1.4631
ELEM# STRESS

1 21.669

2 28.446
NODE# REACTION
3 -26003

4 -25601
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(One Dimensional Problems ) S gii Jj\nmﬁ
(Quadratic Shape Functions) 45 4>, JS& ml g8

s g axlpe ot b S i 03550 s sl 0T Losss 5 ot K0 w3l eslinal flee oo 3
2 eslinal 3 a3 Sl 5 5168 335 r sl i s &

X J k ] J k
ob— O O O O —i O
| X X ; Xk Ei:_l Ej— Ekzl
e —
Fm==——===-=-=--—=--- > E
PTTTTTTTTTToTommmmmmmmmm e > S
1 ﬁe =X k X L 1 . I 2 |
! ' (Mapping) ' ’
S Olashs s gdad S Ol Sl b Olases s il S ol
(Global Coordinate) (Natural or Intrinsic Coordinate)

bJﬁ&;@'ﬂﬂ)Q)jﬁaME jXQLMOﬁd@\)

izw 112)

e

S5 Al s 1A 51 E Clasks 0SS 6 oad X, U, 51X Ol o5 b3
129

(One Dimensional Problems) (gda3 & J5luws

(Quadratic Shape Functions) £93 4 )3 Jse &F
(Lagrange polynomial) 3| 3Y  ¢lake> L
45.«3}.’ J’i) C))j,«..a a J.JJL!I L’j"j” QT‘)‘J}.& xm MJD}M[AJL& QT)‘J.S.A xl,xz,"',xn‘bl}.? DL 45&‘5

By

)= (x _xl)(x _xz)"'(x _xm_l)(x _xm+1)"'(x _xn) 113)

(x, =x )X, =x,)(x, —x, )&, =X, )x,—-x,)

130




(One Dimensional Problems ) S &3 thnmﬁ

(Quadratic Shape Functions) 45 4>, JS& ml g8

:JJ@ Csd s 5 Sy as 2,5 aw Ol

(Lagrange polynomial) 3! 3V glakes> L

Se sl S5 s SLSY lebor dir w5 L

N, @€) S5 mb-)
@N1(§) = Nl(—1)=1 R N1(0)=0 R N1(1)=0
€-¢)E—-¢,) €-0)E -1 ()
113 N,E)= - N@="" 1| 114
= MO~ )6 &) Cloci-D ©==5 |19
@N,&) = N,-D)=0 , N,0=1 , N,1)=0 IN,E©) St
€-€)E-&) _E-CDE-1 )
113 N2 = = N2 =1-
113) = ®©) & ~E)E &) (O=(D)X0-1) = ®©) & (115)
N3(E) J‘i"‘cu -
@N3(§) = N3(—l)=0 R N3(0)=0 R N3(1)=1
€-8)E-C)  (E-(=D)E-0) §E+D
113 N,@©)= - N, =" 116
)= MO~ e &)~ o) ©= 1o

(One Dimensional Problems) (gda3 & J5luws

(Quadratic Shape Functions) £93 4 )3 Jse &F

N, ®)
A
N (-D=1
N N =0
! N, (0)=0 )=
_C \ l O ’E
i J k
&=-1 g€=0 g=1

g ) g3 e d KO 8l ged

N,@©
A
N,(0)=1
N,(=D=0 C)-Q\\\\\\\Zfb=o
O- S
i j “k
g=-1  &=0 £=1

N,®)
A
N,1H=1
Ny(=D)=0 NAO)%
_C\_/CJ. O »E
i J k
&=-1 £=0 <=1

132




(One Dimensional Problems ) S gii Jj\nmﬁ

(Quadratic Shape Functions) 45 4>, JS& ml g8

WS g 2 S a0 Bl SY asd LS aly dajf)L@%-QLJJKJG\jS Sole 4 0ly e alin jsb o

S
X k k
oF— o CJD ) 5 m o é O <Z)
X Xk X ¢ =-1 _ 1 _1 g =
i J z i i] __g ik = 3 z
(Global Coordinate) (Natural or Intrinsic Coordinate)
1 1 1
(§+3 (é—,J(i—l) (§+1)[§+3)(§—1)
MG=r 1 NO= T 1y
(—1+j —1—](—1—1) (+1j(+j —1}
3 3 3 3 3)\3
1 1 (117)
) s+

133

(One Dimensional Problems) (gda3 & J5luws

<
; j K » (Quadratic Shape Functions) £93 4 )3 Jse &F
O O | O | O
c=-1 : L =1 .
: el Jie &y
M© i /\
Na® r;\ \r\ O &
O >

134




(One Dimensional Problems ) S S Jj\nmﬁ

(Quadratic Shape Functions) 45 4>, JS& ml g8

G bl ool Sl g55 2 2550 B bl N3@QY  N,E) « N €) S8 mls Sl eslinad L

iv\ak;“ Cowd & p) D2 &

N1(§)Q, +N2(§)Qj +N3(§)Qk

Oy

5 Q5 (0 ki a8

(118)

Pad g atdsh p3 Dppe 4 (H8) daly s 5lop

U =N(q°

={N,&) N,E) N,©)

(119)
of 35 aS
0,
1200 | q' =10,y | a2n
Oy
135

(One Dimensional Problems) (gda3 & J5luws

(Quadratic Shape Functions) £93 4 )3 Jse &F

1] o 03l Qu,\_: j‘i.) L}i.\i_)b (118) Ab.»b LJ/JL«N‘JJ OLQ..S‘ SI) » 2T Ll L5~1L>UL> ‘)‘J}A.J

Uy a

0, -~

—O - © O—><
g=-1 =0 &=

5 =N®0; +N,©)0, +N €)X,

g DS el 3 A ey SR S plmlr - S )

du ©
dx

2) = g, =

(e

<§) d&

d§ dx

(16)

136




(One Dimensional Problems ) S S Jj\nmﬁ
(Quadratic Shape Functions) 45 4>, JS& ml g8

:C,..i\:m.a\j}-ﬁ o S (119) a5l 6,8 Grie b

a’u(i)sz(é)>< ED du@)z{le(g) dN , (&) dN3(§)}qe (122)

g d§ d§ dg dg dg

Dk e et X s (112) daly 53 € 5l 6,8 arie L ues

112) = %Zi[Mj = |98 22 | a2

dx / de /

e e

G5 Dse g bl a8 Gl pbalr i 1S Al (16) a3 (123) 5 (122) Ly, )10 L

J\..’.Tdﬁ Cowd

(122) & (123) - (16) = (124)

o = 2)N®) dN.©)  dNLQ) |
“ g, | de dg dt

137

(One Dimensional Problems) (gda3 & J5luws

(Quadratic Shape Functions) £93 4 )3 Jse &F

sl 5SS S (124) alad, 53 (116) b (114) Lty 10K

(114)0(116) = (124) = e, =Bq| (125)

QTJJS

Bezg{ﬁ o @} (126)

(Element Strain-Displacement Matrix) olJl slelr— 25 S w5l :B°

138




(One Dimensional Problems ) S S Ju‘\.....o

(Quadratic Shape Functions) 45 4>, JS& ml g8

djlé).) U':"'JS 9 U‘«" )\ '>'>J§L5° E ‘uw Be w‘)}'lﬂ QJ};&MWﬂgJ &)JJQ&C“}S )‘ oslaial

GRS L LS i o s 4 Ol Jsb s Llg e 25 01l 5 55 cpl il e b 0L

G5 Sose 4 Ol 28 e ol ca a5 an sl SO s 5 (2) )y S S 050

'\"JLSA e d

(125> Q2) = |oq, =E Bq | 1)

hsln 5 o 4 AS aw g GOkl s i e (D) daly s (126) Ly WKL b ocule s

(12D)&(126) > () =

ZJJJ.fL;c

0,
e 2B, J-1 0 K+
o =5 { — = }g/ (127)

139

(One Dimensional Problems) (gda3 & J5luws
(Quadratic Shape Functions) £93 4 )3 Jse &F

(Element Stiffness Matrix) Ol oS yu 5L

Ol i S g5 abaly s OF i 5 (127) 5 (125) Jauly, o3 ool e 4 35S 5 55 ol w a5 L

35 g 42D (26) ada o

1

(125)&(127) > (26) =| U, ==[(q') (B E, B'q" 4,d, | (128)

2

(S o o35l 5 g 4 15 (128) daly conl Sl Ol 2 5 ol s S eI

(128) =

U, = %(qe y [ [B)E B A4, ]qe (129)

o Olasie il b oomed 3900 lep'- JUKEE 51 O Olss g0 9 0558 <ol B il &S 555 a5 Ll 5 S

(123) > (129) =

l o7 £, b e e e
U, =5 @) [Ae SE, [ (B) Bdajq (130)

140




(One Dimensional Problems ) S S Ju‘\.....o

(Quadratic Shape Functions) 45 4>, JS& ml g8

(Element Stiffness Matrix) olJI e Sl

il eal o (130) ala; 53 (126) ), 5B e Sl 1K1

(126) > (130) = |U, =—(q°)" | ==

%-1

{&
2

_2§ ﬁ}di

2

131) =

131)

g amd B alaly b b

L.
U ,==(q

° 2

AE

T e e
v

-8

-8 1
16 -8
-8 7

q° |(132)

1 e e e
U, =§(q ) kq

g 3 g w0 Oy e |y (132) dladl

(133)

141

(One Dimensional Problems) (gda3 & J5luws

(Quadratic Shape Functions) £93 4 )3 Jse &F

(Element Stiffness Matrix) Ol oS yu 5L

16 8|/
-8 7 |k

(134)

OT)JAS

Ja)fmu.]aﬁ-dw\db-)) ¢Te QLJ\L;:swaJLa k¢ e R*

142




(One Dimensional Problems ) S S Jj\nmﬁ
(Quadratic Shape Functions) 45 4>, JS& ml g8

(Element Body Force Vector) oldl o> 55,5 5,5

s el (35 alay 53 (119) ey 31 K5 s 50Kl L

119)>(35) =| [u'f 4d, =[@@) NS Ad. |35

e

£ (135) sl 53 (120) )y 31 IS8 5 1K1 U

N,®)
120)=(139) =] Ju'f Ad, =@) [\No@pf 4, | (136)
CIN®)

£ (136) el 53 (116) b (114) Il 51 IS8 55 ke (5,10 L

§€ -1
2

(114)t0(116) > (136) = IquAedx:(qe)Tj 1-e2 tfAd | a37)

T18E D
2

143

(One Dimensional Problems) (gda3 & J5luws
(Quadratic Shape Functions) £93 4 )3 Jse &F

(Element Body Force Vector) oldl ez 55,5 5,05 2

E 3 b IS8 s 1)) dE w d, S IS s ke e pimen 5 (137) daly 03l Ly |

g g (123) aal ) S8 & (Liea

(123) = (137) = jquAedxz(qe)T% 4L a38)
e 1

Sy gy Do 4 Ol e |, (138) akail

Iurf 44, =) | (139)

e

Af
¢ 6€f 4t | (140
11|k

L;A;Mulap-dw‘dl;-)J CTC du‘wwéjﬂ:)bf :fe€R3
144




(One Dimensional Problems ) S S Jj\nmﬁ
(Quadratic Shape Functions) 45 4>, JS& ml g8

(Element Traction Force Vector) oLl Jsb 55,5 55

119)>@3) =| [0'Td, =[(@)NTd,| a1

e

F4D) a3 (120) a5l S22 IS0 |

N, )
(120) = (141) = juTdez(qe)TI N,@&) T d, |(142)
e e N3(§)

$(142) ;53 (116) b (114) Ll 51 IS8 w5 Jlade (IS0 L

§€ -1

2
(114)0(116) - (142) = juTdez(qe)Tj 1-¢2 Td, | (143)

) §E+1)
2

145

(One Dimensional Problems) (gda3 & J5luws
(Quadratic Shape Functions) £93 4 )3 Jse &F

(Element Traction Force Vector) oLl Jsb 55,5 55 2

E 5 b IS8 s 1)) dE w d S IS el s ke e pimen 5 (143) daly 0305 Ly |

g g (123) aal ) S8 & (Liea

1
(123) = (143) |= JuTT d. =(qe)T£e—T 4:1 (144)
¢ 1

g ) Cose w OlE e 1) (144) da

..urT dx — (qe )T Te (1 45)

e

OT)J‘\S
LT s
T =04t 7| (146)
1]

A5 aw e 0Ll S s ple bl Jsb s b (T e RY 0




(One Dimensional Problems ) S gii Jj\nmﬁ

s bl Ohss J= s @y =307ad /8€C il Glaysly co o Lol o3ls OLiS Lo ale =V Jlza
opes Sl o gldas (Centrifugal Force) 8 s 5l 5 S (65, o8 S

(A bl -

s dgb 5o S a5 -0

e e bl 3 AEASS sl W So -z

A=0.6in’

( bﬂ».& E =107 psi
p =0.2836 b /in’

147

(One Dimensional Problems) (gda3 & J5luws

-V dle by

dw‘joﬁéj‘KOJM‘j&_d:N6&@“‘@@6@@
@3l Sl s 5 aoldl LUl s

Sl ol o S opla
© ik

1 1 2 3

2 3 4 5

Ol slaws 1, = 2

Q:{Ql 0, 0, 0, QS}TLS-’UT‘\’.')-’-’U*J Npor =9

Sipo ki 1BC

148




(One Dimensional Problems ) S gii Jj\.wo

-V dle by

3 4 5
8 173
7
k<2>=0'36>2<10 8 16 -8| 4| (7.2)
(21 1 -8 71 s

149

(One Dimensional Problems) (gda3 & J5luws

=V e Grwly

ey 4 de 5 e el SIS

Lol olod e g 5o 035 Syt

1 2 3 4 5
7 8 1 0 0711
2 D ex10 -8 16 -8 0 0 |2
KeR* =Yk = K:Tnx -8 14 -8 1 |3 (7.3)
el 0 0 -8 16 -8|4
0 0 1 -8 7]

150




(One Dimensional Problems ) S gii Jj\.wo

-V dle by

D g deelms 3 Ssgo S e 5 S G el g e G50

OF o gze Jlie 31 0l dgb 53 5y cpl 5 el 751 b o= (55,0 bl
A dal S L s Oll S e ol Koo gl sl e eslizad

£,=694 1b/in*| (1.5
1

2 2
(74) = f, = PrH®” _ 0.2836><(21+120.5)><(30) = | 7, =2081 16 /in’| (7.6)
g 322 (ft /sec”)x12in

151

(One Dimensional Problems) (gda3 & J5luws

=V e Grwly

1) 3
(o _ 06x21x2081 ] |

- (7.8)

Lol goled (8 5 oz (S5, 132 035 Ghupt jow iy 0 s S 28 o Loy o ls p JSCES

(1457 ] 1
) 58.26 | 2
feR=>f = f=15826,3 | (7.9
e 17479 4
| 437 ] s
152




(One Dimensional Problems ) S gii Jj\.wo

-V dle by

ydir £ LA IS 2S5 Gl s 5o ool Sl ol Jsb 5 S pate glas 5 oS il

(7.9)

FeR =f =

14.57
58.26
F =< 58.26

43.7

17479 | 4

1

2

3| (7.10)

0,=0

S sy 4 &l Jlas

PSSl s IS e e Sle T la e 05 S6 3 :J ! r\f

{Kll K, K, K, KIS}:

F, =14.57

0.6x10’
3(21)

x{7 8 1 0 0}

(7.11)

(One Dimensional Problems) (gda3 & J5luws

=V e Grwly

e b Bl S S Slas s o T e i b a5 S e Gl ST Oge 5 e tpgs o8

%4) = F_;:E_(Kilul) = F=F

::sjfd» C‘)Lo\ﬁ)‘ Q)}wa\{f‘;ﬁff&u)ﬁj)\;ﬁ sballh 51 K a

;=0

1

i=2,3,4,5

(7.12)

Dad p A 3 e a ol dslas

038010 [ 06x107 | -8 14 -8 1
—X

3(21)

16 -8 0 0]
0 -8 16 -8
0O 1 -8 7

0,

0,
9,

95

58.26
58.26

174.79
43.7

(7.13) =

0.5735

Q=:1.0706 :x107in

1.4147
1.5294

(7.13)

:.Lﬂu.a s S a8 sla bl s (7.13) doles J=

(7.14)




127) =

(One Dimensional Problems ) S gii Jj\nmﬁ

Y e ey

: Saw '. ‘

0,
:Ee %{E _2§ 2§+1} Q.f
) o

(7.15)

| E )\ L;QU)J:JCLAQLQJ\ Jj.b)bul.ﬁﬂbw Jj...?:uﬁ sdalie ‘S‘)}EQM

155

@Node 2 & =0

@Node 3 & =1

(7.16)

(7.16)

(One Dimensional Problems) (gda3 & J5luws

0

= 02“)=107><%><10—3{—0.5 0 0.5}:0.5735; =

1.0706

0

= 03(”:107><%><10‘3{0.5 -2 1.5}40.5735: =

1.0706

=V e Grwly

Gl(l) =583 psi |(7.17)

o, =510psi| (7.18)

o, =437 psi|(7.19)

156




(One Dimensional Problems ) S gii Jj\nmﬁ

(7.15) =

1.0706

2

6(2)=107><%{£ —28 % 1.4147 tx107°| (7.20)

1.5294

@Node 3 & =-1

@Node 5 £=1 = 33(2)=107><%><10_3{0.5 -2 1.5}41.4147; =

o , 1.0706
= 01<2)=107><E><10—3{—1.5 2 —0.5}91.4147 =
1.5294
1.0706

(7.16)

1.5294

Y e ey

: Saw '. ‘

o, =437 psi|(7.21)

o5,” =218psi|(7.22)

0.2 =0 | (7.23)
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(One Dimensional Problems) (gda3 & J5luws

S psi
A
FEM
s6 o T Exact :o
583 =" T
X (Node

Number)

thoe dob 53 A5 w35 lo e

>

=V e Grwly

158




(One Dimensional Problems ) S S Jj\nmﬁ

Vbt
4SS Ly oS LS"‘).T Sl s s L;“Lf‘vi: sla Sty oJsl <=L§ 05 sdd o,y Sledbl 5l eslanal L :f}w f\f

:""de" dsles 55 Oy g 4 ol

s (7.24) 53 (714) 5 (T11) Ly, o IS0 L
(711 & (7.14) = (7.24) =

0
0.5735
0.6x10’ S
1=Wx{7 -8 1 0 0}<1.0706x107°-14.57 = R, =-349.56 b (7.25)
1.4147
1.5294
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(One Dimensional Problems) (gda3 & J5luws

(Temperature Effects) o ,| >~ ol i

By adgl NS S Ol 4 Ol e L b gl 5 30 GBS A5l pasie (AT s Sk w5 S

@‘ﬂ)&)}&@SCJﬁ#JJ

g, = AT | (147)

(Coefficient of Thermal Expansion) ;| >~ bl.il s 5

(Temperature Gradient) ;| > &l 5 : AT

Dy W 3 Doge aadsl NS s b U el e

o =E(e _80)

__.EE Gx :E(ex _&0) (148)

<
S
o
=

\

160




(One Dimensional Problems ) S S Jj\nmﬁ

0. A
Temperature Effects) o,/ | |
o =E(-¢g) ( p ) Sl ol g
s Sl (e 1y 3 (555D 58 55 J&
_I_JE Wl 55 55 aged s ol Olon ol
u, g, I,
> =_ — 149
80 uO 26 (8 80) ( )

:.AJL;« qm:.s‘u.;)l.d‘vgwdjjﬂL;;J\;;S\&J@QL‘J\&&\){ oS (855

1
U, =J'55T (e—g,)A,dx| (150)

T g s w0 Lol el 5SS S5 e 3 e JS 23S (633 dsidomn DI g5

U= ZU%GT (s—so)Aedxj (151)

161

(One Dimensional Problems) (gda3 & J5luws

(Temperature Effects) o ,| >~ ol i
e e pamen 5 (IS1) daly s 0T (K 5 (148) dal,y 5l el s a4y (5,8 5 25 Lalyy & e 55 L

(148) > (151) = U=Z(%Ae%Eej(a—go)T(g—eo)dEj (152)

ey nl e (152) dad; 53 Q1) alay (6 S0 L

Q) —(152) = U:Z(é(qe)f (Ae%Ee j_‘l(Be)TBedg)qe]

—Z((qe y(ate ] o )Tdijso}Z(Ae b,

(153)

SVslee Sl aslinal pl&a 5, cpl 3l ol ol Jlie S Alole 8 bl 5lcad stal Cows 4 5
oy Ol L Sls e Oole sl e Sl dayl ‘J“"Ja;‘ s dIT/dQ, =0 05l J13 LS dsls

Aas o s 4 gl Ol ad a3 o




(One Dimensional Problems ) S S Ju‘\.....o

(Temperature Effects) & ,l > o ;I

Db a5 ks p5 ype 4 Ol s a8 Sl L s,

0 =4, %Ee (I_ll (B¢ )ng)so (154)

(147) > (154) = | 0° = E‘MEO‘AT

[ By az| qss)

—1 i

(22) > (155 = 0e=EeAe(xAT{1}j (156) A5 5 oWl s Sol= g sy 10° e R?

-1 i

(126) = (155) = [0°=E A0 AT 10 ¢J] (57) a8 oWl o> s,y 100 R
1] &
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(One Dimensional Problems) (gda3 & J5luws

(Temperature Effects) o ,| >~ ol i

gk o dadlbe 3 Cso w a5 5 Oldl Sl s S luds

(23) & (147) - (148) = 0@ =E ( [-1 1}{ } ] (158)

Dy a5 pe a A8 Ol Sl s 5l

(127) & (147) = (148) =| o° =E, %{% 2 %} Q; —o, AT, || (159)
‘ O,
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(One Dimensional Problems ) S S Jj\nmﬁ

(Defect Effects) sae et ol jI

JJﬁ@ﬁ&@j‘ﬁ;Q)MQQﬂfMuvﬁ}@u@;‘

Al

&) =

!

e

(160)

(Coie i Isb U e e ol S sie) ole sue a5l 30 K2 i 1AL,

D =" A,

E A
1

e

{

“1 i
1)

(161)

E. A

e

D* == A,
¢

_1 i
0
k

(162)

PSS e Ol 3 puze a5 36 g5, o DS € R
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(23) & (160) — (148) =

(127) & (160) — (148) =

(One Dimensional Problems) (gda3 & J5luws

(Defect Effects) sae ,ai ol jl

gl o andlbe 5 Cyso w5 5 Oldl = s 55 lids

o =%[{—1 1}{3}—%}

(163)

139 wbuﬁjojygdaﬁdeJ\db):uiﬁ)lm

\)

E

2% -1

14

32{

2

_2§

28 +1
2

}

i

0, t—Af
O,

e

(164)
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(One Dimensional Problems ) S S Jj\nmﬁ

Glos S\ spd o syl IS5 53 el esls 0LES als 4 20°C sles ,s P =300X10° N (5,50 55,0 —A Jlio
o Sl oo A 607C & ks
(A5 bl -

Alas 51 a s 5 ke -0
AL b Jasll Ko -

200 mm 300 mm

Aluminum Steel
A =900 mm* A =1200 mm >
E =70x10° N /m*>  E =200x10° N /m”>
o =23x10"° (1/oc) o =11.7x10"° (1/0c)
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(One Dimensional Problems) (gda3 & J5luws

Qw‘joﬁéj‘ﬁo)wj;djm6&&M\MW&MM

A Jls s
Ql QZ Q3
o T o
@3l Sl s 5 aoldl LUl s
P X
e e o —
! oll o ,le oS oola
i J
200 mm 300 mm . @
I T 1 1 1 2
Aluminum Steel 2 2 3

A =900 mm? A =1200 mm*>
E =70x10° N /m* E =200x10° N /m?
o =23x10"° (1/oc) o =11.7x10"° (1/0c)
Ol slaws 1, =2
T -
Q :{Q1 Qz Qs} 633l a5 slaws Mo =3

Sipo ki 1BC
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|_Q;® L% ® .9 (One Dimensional Problems) g3 &S Jilus
e S O o Al gl

200 mm 300 mm

_ ) B 5 34) =| k¥ =—-=<
A =900 mm A =1200 mm /

E =70x10° N /m*>  E =200x10° N /m”>
o =23x10"° (1/oc) o =11.7x10"° (1/oc)

Aluminum Steel AE {1 _1} i

1 2
L) _ 900)x(70x10°x10°° N / mm ){1 —1} _ k<l>:315><10{1 —1}1 8.1)
-1 1

200 2

2 3

K® :800><10{ ! _1} "1 82
11

3
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(One Dimensional Problems) (gda3 & J5luws

2 -2 2
0, @ A e feuly
P X
S o

200 mm 300 mm

LOldl bl e s 5le 03,8 (St jow dhooss @ b IS5 s g Slo LSS

1 2 3
315 =315 0 |1
K=10’x| 315 1115 -800| 2
0 —800 800 | 3

Ke R = Zzlke =

e=1

(8.3)
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200 mm 300 mm

(One Dimensional Problems ) S gii Jj\nmﬁ

A e ey

1 i

(156) = |0 =E A AT {_1 }

J

AT =+40¢| (8.4)

112.32

o . By 1 oy [-11232
0 =(200x10)x1200x(11.7x10°)x 401 "¢ = | 0% =10"x

}

2

3

(8.6)
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200 mm 300 mm

(One Dimensional Problems) (gda3 & J5luws

A e ey

035 Ghap o dhos & als S 8 5 Sl Sl b S

Lol olos (25 S0l s o

-57.96| 1

2
e R =D 0° =[0=10"x{-5436;2 | (8.7)

e=1

112.32] 3

Lol olas (2,5 55 30 S350 5l 02,5 St s a4 o IS (8,5 55 pote oy s S

0
2

PeR' =) P° =|P=10"%{300
e=l

0

1

2

3

(8.8)
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(One Dimensional Problems ) S gii Jj\.wo

|_Q;® % ® <%
A Jke ey
P X
N A o doo IS 25 Gl ,s lsp LSS
3 _
200 mm 300 mm Fek =0+P =

~57.96 0 ~-57.96) 1
F=10°%{-54.36:+10°x{300" =| F=10>%x{245.64}2 (8.9)

112.32 0 112.32 3
Q1=Q3=O @J""' SR N S ‘hi‘}‘:’ Jles!

S S, sl s IS e e Sl 513 51 e e 05 Se 3 :J ! f‘g

K, K K 315 315 0
11 12 13 :103X

K, K, K, 0 —800 800

K , |=57.96
=10"Xx
F, 112.32

(8.10)
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(One Dimensional Problems) (gda3 & J5luws

0o o
A Jle fewly
O----------o- PSR G—— o3
1 2 3 @jJs&wszu;Hjléuoj;w,)M:p;c@
1>~ $ sy ,o 3 51 sla ()
200 mm | 300 mm | < JSJAJS SBY o D12 2 0 9 S Jla..ﬂ & ‘))L
o J5 S sl sl slbaabl SIS e g
2338 o POl 15 S50
_3_]:_5____3}5____0:_, 3 ~57-96
K=10x|-315 1115 —-800 F =10’ x1245.64
§---800.-500. 23

94) = |F=F (K, o, +K, ;) i=2| @11

BID = F =F, - (Ko, +K,0,) =245.64x10° - ((-315x10)(0) + (-800x10°)(0) )

= |F,=245.64x10° | (8.12)
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(One Dimensional Problems ) S gii Jj\.wo

A Jls ly

(88) = KQ=F = [10°x1115x0, =245.64x10° | (8.13)

(s V“"'M)} (8.13) dJslas J" 3

(8.13) =| 0,=02203mm| (8.14)

Dah g WIS p3 s 4 S a8 sl amd s

0, 0
8.14) = [Q=10,}=10.2203} mm| (8.15)
0, 0

|_,® = @ =  (One Dimensional Problems ) 6.).9.’{ o..§.1 Ju‘\mw

e O oo o —> A e el

158) = g@:Ee[%{—l 1}{3}—%AT€J (8.16)

o =70x10° L{—1 1} ; —(23x10°)x40 | = |0V =12.60 Mpa | (8.17)
200 0.2203

(8.15)

1 0,
8.16) = g¥?= S —
(8.16) o E2££2{ 1 1}{ 3} OCZATz} =

0.2203
o =200x10° (ﬁ{—l 1}{ ; }—(11.7><10*)><40J = |0 =-240.27 Mpa | (8.18)
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=< 0 % ® % (One Dimensional Problems) (gJda3 &S Jilows
P X .
______________________________ A Jle L
9 oy S e &t
:PE AT sl foadl Ko anlons
200 mm 300 mm , _ , _ . , .
f 1 1 BE 6&\54.;5 LSLAJ:’S‘J ‘J)‘ rts BERE S ajf-s ledb| )\ esleial La
:.»dea anles 5 S a0 Sl 8T @ by yo S o3l Sl s
8.16) =

R, , | 315
=10"x%
R, 0

R, =11.44x10° N

=315 0

. [-57.96
0.2203 10’
~800 800

R, [-1144) |
= x10° N|(8.17)
112.32 R, ]-288.56

3 R, =288.56x10° N
P =300x10" N
D — > D

200 mm 300 mm
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LO4EXO08.txt

Next line is problem title
EXAMPLE 4.8

NN NE NM NDIM NEN NDN

3221 21

ND NL NCH NPR NMPC
212 20

Node# X-Coordinate

1 0

2 200

3 500

Elem# N1 N2 Mat# Area TempRise (NCH=2 Elem Char: Area, TempRise)

1 1.2 1 900 40
2 2 3 2 1200 40
DOF# Displacement

1 0

3 0

DOF# Load

2 300000

MAT# E Alpha

1 70000 23e-6

2 200000 11.7e-6

B1 i B2j B3 (Multi-point constr. B1*Qi+B2*Qj=B3)

(One Dimensional Problems) (gda3 & J5luws

femld.m b, LG oL —A Jlis -
LO4EX08.txt : (g3, LU ol

<< 1D STRESS ANALYSIS USING BAR ELEMENT >>

200 mm 300 mm
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RLO4EX08.txt
EXAMPLE 4.8

NODE# DISPLACEMENT
1 1.0262E-06

2 0.22032

3 2.588E-05

ELEM# STRESS

1 12.713

2 -240.47

NODE# REACTION

1 -11442

3 -2.8856E+05

(One Dimensional Problems ) S S Jﬂ.wo

A e ey

(One Dimensional Problems) (gda3 & J5luws

(Computer Programing) s 5 swlS' s si4sl
(abbreviation tables) b ,las1 J i~

NN (Number of Nodes) s S slax
NE (Number of Elements) Lailad! sluss
NM (Number of Different Materials) éLa.o @3 slaws
NDIM (e.g. NDIM = 2 for 2D )(Number of Coordinates per Node) slal slaas
NEN (Number of Nodes per Element) 0Ll slae S sl
(e.g. NEN = 3 for constant strain triangle (CST) Element)

NDN (e.g. NDN =2 for BEAM) (Number of DOFs per Node) Lae S (s5l31 a3 sluas
ND (Number of Specified Displacement DOFs) <ol yasiie Wl jlade 45 gal3] Sl s sl
NL ol Jlasl 6331 Sl slidy 53 48 6oL (Slaadl go sl
(Number of Applied Component Loads along DOF directions)

NCH (ol Oloe 5 Caslies dbos (ol )OIl S5 5 slaes

(Number of Element Characteristics like Area and Temperature rise in BAR or TRUSS, Thickness
and Temperature rise in CST and so on. Area, Moment of Inertia, Temperature Rise etc. are treated
as Element Characteristics)

(Number of Material Properties)
NMPC (Number of MultiPoint Constraints) ails 5, ol & slass

NNREF (Number of Node Reference ) = slae S slias




