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) . L. Typical formulation Stress and strain
Type of analysis Description
used measures
Materially- nonlinear- Infinitesimal Materially-nonlinear-only | Engineering stress and
only displacements and strains; (MNO) strain
the stress-strain relation is
nonlinear
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(b) Materially-nonlinear-only (infinitesimal displacements, but nonlinear
stress-strain relation)
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Type of analysis Description Typical lil'(;::lnulatlon Stress and strain measures
Large displacement, large Displacements and rotations of Total Lagrangian Second Piola-Kirchhoff stress,
rotation, but small strains fibers are large, but fiber (TL) Green-Lagrange strain

extensions and angle changes
between fibers are small; Cauchy stress, Almansi strain
stress-strain relation may be
linear or nonlinear Updated Lagrangian
(often is linear) (UL)

A
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{c) Large displacements and large rotations but small strains. Linear or
nonlinear material behavior
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) . Typical formulation Stress and strain
Type of analysis Description
used measures

Large displacements, large | Fiber extensions and angle changes | Total Lagrangian Second Piola-Kirchhoff
rotations, and large strains | between fibers are large, fiber (TL) stress, Green-Lagrange

displacements and rotations may be strain

also large; the stress-strain relation | Updated Lagrangian Cauchy stress, Logarithmic

may be linear or nonlinear(often is (UL) strain

nonlinear)
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(d) Large displacements, large rotations, and large strains.
Linear or nonlinear material bahavior 9
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(e} Change in boundary condition at displacement A

10




Introduction to Nonlinear Dynamic Analysis
358 oo plomil Sl 53 55 45 el Jolwi SYolas (s Jo= (595 2 S 05 (R b oo )
Lo—ssi o 4 S 8 a4 SWoles oKivs pl = gl gods o iy — sl s o Woles = Sl
lss 5~ moal —la 05,5 My —dsld SWslae J 28 —Clsr sl ol ) st 5 mems 205
Iterative Methods: Newton Raphson (... |>| . ;I S5
b slie cnl snde Gl iy S o SaS = ((Cl g Mil ) il s &g 4 SVsles = Sualys I
o S Ol s w8 e i b Skl SVl and Vsl —358 0 (g5l Jalas U s
syme (N 855 K05 oa L OWolee jm) L g od 4525 b Decouple s 55 &N gmms 4 S S¥slee

Newmark — Wilson teta e (34 gl Bg )y Sl el 4

bt e ou b bl s SIS
Jlows 55 S o oslinal o 8 Sy (g5 osldd 55 Ol sl el gl e s S L (]
A =Glpe o 8) cosledd o b Ul olpe LT ol (55 4 a5 LS 53 0 s o 8
SV plmlr I8 —(wdn ot 8) A3L 03,8 by (Rl531 UT BUYO S Sl lo S aOle o
LT aS o Ol wss s » slad <olg ,s s (Contact = &) Pounding i sl olexsle

sl bl | ot e BT L bosyls Jod LB 23 e BT (mls 5 Slalie ool il
11

Introduction to Nonlinear Dynamic Analysis

St lge a8 ) s e L et b Slakn S 6 4 b g 4 et s S s (2
(... Contact Jlos & ¢ cwlia

D el bz

Dy 2 e Ol
iz 3 2L 21 SN S 5l asits Ul S Dsls OF ) Ol e ke Ui 2 ST At 10
el b S 5l 6505 Ol a5 (3l osls Coa g Emy 5>
R O
3,5 (Trace) Iy Ol 5 oo 1) 5515 555 s3ledde 3 ASL;UALE} .
(Distraked) das o Cows 5115 2558 lumar 83 45 G o5b 4ol Al a2 Lo b Giee ol 31 0
el g 2050 cnl S cnl bl L
335 e Wy ol st 8 5155 (bl 45 o3l Sl g LS ol gl L (B
(o8 @35 ol p2 ) (ot b Ol o b Joms i L) sl g llasl ooy ot o S s 0
oS B S 855 g 3 ol e st b adlas e 3l Je L
ot = (Sl ot Wi ) 58 S a8 4 B L S Cl s ol @ les o e ey filee o
(Sois s o o = S5l st Lo = Sials o

12




Introduction to Nonlinear Dynamic Analysis
sl Sen Sw ilie Ol K s S0 L Obelily el IS OG0 s e s ol oLl (4

Slas Aulsdlh LS o g Aal58l s Laoldl slaas el boiaal J,8 LB s 5 edew (solb)

Apdise Sk 1 (GlL) ol Kes 015 e (Time interval — Load Step — Time Step) LaStep

Ll S age Sl A 4 s OILL A Sealus gl o ey s

P P
> A > A
e bl s o e s S3ses G Olend Jdsa Salus o o Ll s
Dy 033 paild jho aeid ()Y D) sl i Lo

13

Introduction to Nonlinear Dynamic Analysis

(sl s SV¥slan) (Solys S¥slas J>
338 o oo s A g g oS - Sy SVl
il I3 8l XS e sl sl —(Time Domain) Sl o35> 5 5JUT ©
(Frequency Domain) .08 5 655> 3 J-,“JUT o)
e Bls s iy w85 eie 3 U

me‘jsr.@_é JJB‘)L:.AM-’ Lfi,-j-) g)'i‘ .J_)‘J Jﬂ)ts

> A
S asge S5 5IUT Step o gl s
Al 40l (Super Position) ¢ o ol Sl eslinal a8 Sosb 4 AS o b
B ol JL@.&‘ L;)‘J\fJL: 45 J}.&& CA.OL’ ‘J’.’.) Jj.&& 4.:.«.9)3 Stepbystep Lf:’j) )‘ a.»ch:...«\f ‘24}- le.m.ﬂ )J 6’:2— -
4.L>-Ja LS)U‘;)L’)J}‘:”& C_,u“l.c)up-uw‘ S)J.a LSLﬁo})ﬂ)J .JJ.:S rl}u‘ oMWulﬁ)\ LSLarJ:e)J a)'l.m S

(... 9ok} ‘LS)L"” S géﬁ)ﬂ; 14.19-]0 “

14




Introduction to Nonlinear Dynamic Analysis

Time Domain ;T (oS S5 B sLd sy w e Gl aile il lea.o Short Duration o S (g3l 40
Ll a8 wils S8 01 WStep el s Step by Step iy, 4 S5 ST s 0 s e s Shes

e A 1 pdy e el S S L Ol s oS SLSL il

ol s S (State of Equilibrium) Jols - 6 s 8 S IR VS U K VA QU P

gd S b s 5l gs 5 aS il e Ol 3l b (External Load) b+ sl L
(Real) Solos ™
(Artificial) okl ®

15

Introduction to Nonlinear Dynamic Analysis

(System of Finite Elements) »yi>s Ol e
] aé‘)b LSLQ)L'L!J.EL:AWJJL%? I U'BL«’ c)).bwf.ot& P E JJ&J &)J LfL’o\ s

[’R—IF:O] 35 0k 25 oo w OlF o el i3 4

t ol by e awdin 53 Ol sl 5 b blae a8 bla glay,s sy o 'F

[’R ='Ry +'Ry +’RC] [IRFtF => ['B” -’r(””de(’”)]

m ty(m)

OT)JAS

S Jols Skl o |y Cii s Mii i~ > (Element Body Forees) Oldl o> slas 50 'R,
.(Element Surface Forces) olJl e slag o : tRS

.(Nodal Concentrated Loads) sls S 5 eze slas,s @ 'R,

adsl sl 5 Olse 4 (Currents Stress) g oS sls 25 0 R,

10l ,3m e (Stress Displacement Matrix) i S bl w5l : (B0

t ol jsm sae (Stress Strain Matrix) i S i o Sl ;g (W
16




Introduction to Nonlinear Dynamic Analysis

(System of Finite Elements) »gi>s Ol o

L I, (Current Deformed Geometry) jyS asl JS& 085 awdin 53 pto 3l « ‘R=F =0 aba,

S g Oy ot el e (8 S s

Coso opl s il B ae (T 0l 3 TR e ) L ceee Level ol bt oo 1w
(One-Step Analysis) 8G oo S L Ko ol .03 5 Loyl 5ol = LL'R — 'F = (Qasl,
R S P90

crl 52 b (Path-dependent) ;s w0 arcly las b a2 Jal i bls Jov oS oKs Js
ol o by e ST Lol s e o b T U Sl S sy 50 Oley Jsb 55 'R— F =0 aaly &) 50

it 42| 5 (Step by Step Incremental Solution) rLf < rLf S0 Jodos Loy

Introduction to Nonlinear Dynamic Analysis

(System of Finite Elements) »yi>s Ol e

ol bl e Sloy 503 At OT 55 48 el 55 3550 tH AL azenS Oloy 53 Ol 5 ool

[ HALp AL ] AL Ol s cnl 2l

AL ; )Jwbjbmdh;.bu;dujﬁjbwcF_}bf
F=F+F > Sl AL G0l 5l b 5 s Ole s

t Blize aS (g wles ey Sle G Sleslizad L Olg o L F Jls
F=Ku 3 gas 3l B el 0o 3 lae 5 wdin Ll L

01)345

Sl AL G Ol 3l a5 blE g sas sla O i Sls 0 U
O ks 0 G F (i 25 LIS glay,s Grie b blas (wles o a5l ol ol

18




Introduction to Nonlinear Dynamic Analysis

(System of Finite Elements) »gi>s Ol o

5y s el 015 e 055
t+AtR_(tF+F):0 = [tKu:t+AtR_tF]

S Gl e 1 558 anlb=e LU Oy LK S5TNROE 05 Vﬂ&a@&jl{d)l&» RABL

3)))YCM~.>4.3J.L} Q)M@Q‘jdﬁbt_{—At OLA})) QKAM‘

[ t+Azuz zu+u ]

Ll e AR esyls gl b blne oS e WO i OTtHH AL 0l 53 JolS a3ls gla O is Va5

o a0 apla | t AL Ol 53 a3l (O x5 gl o8 s« My = Iy dslae js Yar g

t+At

Slooles rleg,\Wj(”A’F Yt AL Olej s blae 8 8 bl slay b gl oo 8z ( HaL )

Sl aalsl |y gday glay se (8l

19

Introduction to Nonlinear Dynamic Analysis
(Newton Raphson Technique) 0 sdl; 5 a8 oy, ClS

3 IGL e BB s lalks (gl Wl g e S L;\Jbg..)b}.-chtKT/l o oslaial S50 BB a4 g LT

Al Il ol el s s Wl g e (Load Step) eslazu 55 40 5L (’K Olea U (Time Step) Sl le 05|l 4 ans

S 5L e Sl 358 eslinad Gl ol a1 53 J1S5) (S5 o ol o0 1l (65,5 cnl ol
Aph Lol
Syge dgdowe pole Jat o gla Ll 53wy jsb 4«5 (Iteration Methods) )| 5 sla 5,
4l 2l (Newton-Raphson Technique) ¢ sudly — -5 50 eSS wlal 5 (.8 o 13 sl
i) Cand 93 53 oslaial 3590 o3l (6 gas ST 31 dans CSUJJ O gmdly = 5 50 ST

[tKu=t+AtR_tF] [ I+Atuztu+u ]

S S g .3 B L T L S N N
Shoeslaal b1y B el &)l (gsad Sy Olg o LS o a5 |, (New total displacement vector)
D300 LSSt Ol s UK x5 sl « (Currently known total displacement) wbu S &S Lol S

20




Introduction to Nonlinear Dynamic Analysis

(Newton Raphson Technique) 0 sdl; -5ad Sy, cdS

(Full Newton Raphson Method) |sIS O il =550 olisd )1 ST g, 55 eslinal 5590 Yslae
1= 1,2,3,... &3«

[t+AtK(l—l) . Au(z):t+AtR _ t+AtF(l—l)]

adsl Ll s b - [H—AZK(O):tK]

[1+Atu(i) — t+Azu(i—1) +Au(i)]

[ t+AtF(0) — zF ]

—

"'\'.“'.’.Tgﬁ"): t+Atuz tu_i_u 39 lKu:l+AtR_ tF C)YDLLA Q)M@é}ﬁ .b.s‘j‘) L)‘}QMJJ \49-‘}3

Sl s blae s pae Gl i psd Gl S bl 6&0&%@&&@?%&@ Sl ST s Ve o

LS ol eslinad 3,50 MK les st G Sl 5 TYFUTD Woles blas a5 LG glag s

ol Jdolaze Oladl la b aliy & jem oSl b » O L bLie (Out-of-balance load vector) Jslewl L ls
o s (Updating) O 5es (alf,.;s W opl el 3L sy 2 S blE Sl xS 5s el SOl b 5
Ly S Sl (6503 SO x5 5 Islanel glag 15 a8 b aalsl bsT B il 1SS s S S bl

21

Introduction to Nonlinear Dynamic Analysis
St &) 50 4 (Full Newton Raphson Method) oIS O 5edl,y = 5 g o0 53 1SS 5,

i t+AcR _ .':+:3.':F(2)
Load

t+At > (0) +rl.':R_t+m'F(1)

t+At
R
t+At 7-
.

Slope “HAKM

Slope THATK() = K

}

AU(U} ﬂU'E:'I'

‘U U g Displacement

53 Gl 35 S e LA Tteration ¢l & S5 S Slowds 4 555 Time Step a3 535 o s Time Step L At S sS saples 4 Oles Jiay cpl 52
(AL g (i=1) ojle B o Sle Iteration ja glizl 53 Jb (oSl o S5 L) =S S et alele 5, oS cul )l Olenss pl Sl
dive 5 ABLSS lax o Gl o b Ll b amen T e 50 (lgome Dl (wdin olpe Jax o i 51) oile Ll las 5 S e S
Time step linl 55 Kl o 5 alin 5 p o o fle 53 edd ASL o3l Lol 2 llae 25 S 0 J 28 AR s Tteration ,a sl s Contact

,JJ; JJMS
22




Introduction to Nonlinear Dynamic Analysis
(Newton Raphson Technique) 0 sdl; -5ad Sy, cdS

JoS 05y = (5 g8 0l g 1SS o) Slles e

t+AtK(0) . Au(l):t+AtR _ t+AtF(O) 3
i=] — — Au® Ll o s

tK'Au(l):H—AtR_ tF
J = |

i=2 [t+AtK(1) .Au(2)=t+AtR_ t+AtF(1)] — _J%I&, S &

|

[t+Atu(2) — t+Atu(1) +Au(2) ] - [ t+AtK(2) , t+AtF(2) ]

[ t+Atu(l) — t+Atu(0) +Au(1) t+AtK(l) , t+AtF(1) ]

23

Introduction to Nonlinear Dynamic Analysis
(Newton Raphson Technique) 0 sdl; 5 a8 oy, ClS

(Modified Newton-Raphson method) <3l |iax3 & gudl = o5 55 g, 53 eslinal 5590 OYslas
i=1,2,3,... &l &

93 B pmlos e o 5le SO (Modified Newton-Raphson method)o ), o5 o al fdws iy, 5

sy g Sl L plS s gl

a5l Lyl 5 L —
[z+Atu(i) — t+Atu(i—l) +Au(i)] [ z+AtF(0) — tF ]

24




Introduction to Nonlinear Dynamic Analysis
(Newton Raphson Technique) 0 sdl; -5ad Sy, cdS
Sl &) se 4 (Modified Newton-Raphson method) O gl — 5 o5 4Bl fdas S,

Load 4 t+Atp _ t+Atp(1)

t+ﬁ.CR f'i"ﬂfF(O/
t+4fR ,

t+ﬂfR _ t+ﬂfF(2)

Slope *HA'K(®) = 'K

\\ AU(Z)

1 ‘U trdtyy Displacement

Jsb s 5 b Iteration )3 esle Slepsast &S sl cpl oy (55 555 0 58 Time Step gl )5 e b il Tteration o 53 e 595 cpl )3

S o e s bl (Cnl LSS b (slghas (3 & 92) b Time Step

25

Introduction to Nonlinear Dynamic Analysis

(Newton Raphson Technique) 0 sdl; 5 a8 oy, ClS

@Bl L 0 pedl 555 s Fbes 1o

tK . Au(1)=t+AtR _ t+AtF(0)

i=] — — |Au(” LT e cs @

tK'Au(l):H—AtR _ tF

[ t+Azu(1) — z+Azu(0) +Au(l)] — [ z+AzF(1) , tu]

l':2 —p [ tK‘Au(Z):H—AtR— t+AtF(1) ] :> J‘de‘ oo d ‘LJ

|

[t+Atu(2) _ kA, () A, 2) ] —

I
W

26




Introduction to Nonlinear Dynamic Analysis
Ssleds &) a0 4 (Initial Stress Method) 4J, s S,
Load |

leAlp _ leAlgil  edig _ T+digt)

i 01/

Slope °X ‘

‘R

‘n“ﬁ‘

A ulﬂ

7]

Au“]

F A T

-

u Displacement

N -

awdia Ll b W Tteration Job s esbe Sl gt oS sl 5l 0 (505 558 0 5 8 gl Sl js aew Ul Tteration s 5o ssew o gy ol 52

Initial stress method

- s dsl Js (o)l> Small Defrormation) 555 i o> 8 ailaie 5505 3150 8 P—A L SlS 4 by e Sl il S o 85

Sl a5 ol Sl P-A o ol s g S w )l Sl 36 5 ool 5L Small Displacement 533 o axd s asly Ko os5

_ _ S| A.la.w.vlj g_)i @
ash 3k Ol S P—A 5 ki S 01 I Small Displacement

> e ot

33 0l 51 Large Displacement

27

Introduction to Nonlinear Dynamic Analysis

(Newton Raphson Technique) 0 sdl; 5 a8 oy, ClS

b ol Ses lajlae 45 U8 o Ol (1SS sla JEss Sl eslial &S el S5 w4 oY

L3 Ll (Appropriate Convergence Criteria)

[ t+AtR _ t+AtF(i—1) S e J

Win L5 e BB 33 S ol L3 g 3l sl 1 slaslae S

3y 0L Sl 35se e s Oy 31 S LSS )
(Loose Convergence Criteria) Cow ol ,Son jlas

Al el 5L ) e J 28s 4 Ol Sl A 1SS (0
(Stiff Convergence Criteria) covw ol Kon s

Yo B Ve L}:{thteration ;.Jlﬁr.?..a‘_}..))‘.) LQJ:J" Lhu.l_))ﬂl,wjulﬁ)}b_v)\ ‘J’“SUW‘)_J’)?’ o&ﬁ)\ﬁ Uj”-j)
Ll g 3de

28




Introduction to Nonlinear Dynamic Analysis

Sb S Co sl enls OLiS @) IS5 s S (G184 (il s Sls S s sl js oS slale —V e
450.:‘ uﬂjﬁbu‘q‘a-’uﬁ 43‘)‘ <C))(b)6l.h&}§«l).> %ﬁbdu)—)bw‘g&;—ﬁ 4.2.") .3)‘3)‘} S5

2 |
Y 7 Er
7 Area A= 1cm? i—*— u A oy b--- 1 E =107 N/cm?
7 / | 7 \ Er= 10° N/em?
a ® m—p I 2 E £y = yield strain
2 Section 8 Section b/ g5 oy=yield stress
= et -1/ i 3
1 Ly=10 cm Ly=5cm ¥ £, = 0.002 e
(a) Simple bar structure (b) Stress-strain relation
{in tension and compression)
R
x 104 (N)
4
3 -
2 -
1 -
L | 3 1 i I P
0 2 4 6
Time (sec)

{c) Load variation 29

Introduction to Nonlinear Dynamic Analysis

L ake ol 5) ol S UISH S L S 5 O Susd 5 5500 2,05 Saeal 4L &S b 0f 5l =V e -
Sl Dose pl 530S o ale C)Lm Sl ks o oo 58 b sl sl Jldes SOl eslanad

ol ) 5 RS sy b sa gla iy

Sl slke dalas Ll

b e 25 S 4 B 350 (0l 5 IIELL Ll o aaiie Ll

30




Introduction to Nonlinear Dynamic Analysis

SV Jles gy
.JJ)‘.)J‘} &AY‘ ?U)bbjauiﬁh:jbﬁ(\)

©) b @) Ll 5l eslazad b ygm opl 5o Lz S %}U)ijaélﬂljﬁjﬁ‘)l{ sl el al> o s

Sl m.a:\_?-

‘)"}“‘:’;5" J‘""' ES) c’,tﬁ d‘y Sy g D o 03l Ji.}u,a LSJU‘iil" L,

31

Introduction to Nonlinear Dynamic Analysis

Ve fuly

JJUJJJJ} w‘f“f)fbubuuk;djaJ J.;)‘é J‘} s.g.;.w)&g: 4:’[3 Jbb U:P.u.j &::;.o'ﬁﬂ 4:}\3 b a ‘_}:".‘,’ (Y)
(355 00 Szdly 4L

35 o Sl (oS o o3linad (d) Ll 5l S oK Loy ,3 e b oo

Sybi b Simdly Ll 0T 31 das 8 6

ol O 5 dy ol ol

32




Introduction to Nonlinear Dynamic Analysis
S Jle ply

:('7")|> tZ t* Ls‘)‘ LY (e) C\b‘) )‘ eslael La u'.’.‘j"L"'

Ll 5l s e Kby dhwd i wtiibe ‘R=4.02x10° (N) L ‘5,=0, < Jlbjuxy

Sl Bl Sl ey i

33

Introduction to Nonlinear Dynamic Analysis

Ve fuly

S o Jor Szl sb 4 s S 53 8 6ol L s 5s (F)

Wl sl 3 S 3 0l ailoms el

] |

s ol

0.01 0.02
f'u {em)

(d) Calculated response 34




Introduction to Nonlinear Dynamic Analysis

4wl Modified Newton Raphson Iteration %, 3l eslaxad L1, (V) Jle js k540 als &b -YJks

355 eslasl (g slus Load Step o5 5l o315 L oo Sl Oy 8l el

il |
7 2 fu 2 7 :
V Area A=1cm “‘" 7 E=10"N/cm
f / ! // Er-t 105 !'Nl."'(.:l"l'l2
? s—> R [ £, = yield strain
Z Section a Section b ,é Gy Yidld Straes
o e -1/ =
7 Ly=10cm Ly=5cm ¥ A e, = 0002 5
(a) Simple bar structure (b) Stress-strain relation
{in tension and compression)
‘R
x 104 (N)
4
3 -
2 -
1 -
L 1 4 | i 1 il
0 2 4 6
Time (sec)

(c) Load variation

35

Introduction to Nonlinear Dynamic Analysis

~Ydbe feuly

Ssd o oslazul 55 laily, 5 Modified Newton Raphson Iteration %5, ;3

sl Ll o

J@b) L‘ﬁ‘)bﬂts

36




Introduction to Nonlinear Dynamic Analysis
~YJts ey

DS le Caad 93 8 > S

37

Introduction to Nonlinear Dynamic Analysis
Y Jbe fuly

Ju‘b)@ WJM‘)ﬂ)@b<d)U(a)b‘j) ")J)ng‘.’.]"“’ t+At=1j Atzl ¢ t:O ﬁ)l;LoadStep u.:jj‘))

38




Introduction to Nonlinear Dynamic Analysis

~YJts ey

39

Introduction to Nonlinear Dynamic Analysis
Y Jbe fuly

c,..,;m._,\)ﬁ)'@w(d)ts(a)l@\,)sﬁ)Saﬁ@z+At:2} At=1 ¢ t=1 :ml>Load Step ;w53 >
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~YJte ey
i=2
2u® =20+ Au® =1.3333x107 +22x107° = [Zu(”=1.5533><10‘2 (cm)]
2 (2) -2 ( )
28a(2) __* 1.5533x10 Zga(z) =1.5533x10" <e_ =0.002 section a is Elastic
L, 10 . ’
2 (2) =) ( )
%6, @ = Z _ 1'55335X10 %e,? =3.1066x10™ >¢, =0.002 section b is Plastic
b . /
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FP = EA %P =107(1) (1.5533%107°) = [ZFJ” =1.5533x10* (Ni Y gt
F,Y = AE. (%, —&,)+05,]1=(D[10°(3.1066x10~ —0.002) +2x10*]
= [217,)(” =2.0111x10" (N)]
(K, +K,)-Au®="R-*F® - FO
E (4x10*)—(1.5533%10%)—(2.0111x10") . [Au(3) 1450110~ (Cm)]

2x107(1/10+1/5)

ZJJ;& ﬁ\J\ﬂ)JJ&JJ&)J&duJ\ﬁ ijbﬁ&)\ﬁ)js.lﬂ LJ’Z)-)

i Au'” (cm) u® (cm)
3 1.4521x107 1.6985x107°
4 9.5832x107" 1.7944x107*
5 6.3249x107* 1.8576x107*
6 4.1744x107* 1.8994x10~ P 2,
-4 -2
7 2.7551x10 @wy .
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Ales 4sle Full Newton Raphson Iteration s, 51 eslial L1y (V) Jbs 5o i 5550 s sl — 0 pod

Jj.\.:: obu.lw\ 6}[.«“# Load Step )L@;: )‘ ob;‘j )L, vA.:JSL‘ 4 Qv\.:w) 6“).’

il |
‘f 2 —=ty 7 7 2
V Area A=1cm 7 E= 10" N/cm
7 / 7 Er= 105 N/cm?
2 ’ o— R [ £y = yield strain
7 Section a Sectionb [ Gy YiciG roes
Y/ —t =1 .
7 Lg=10cm Ly=5cm ¥ >
(a) Simple bar structure (b) Stress-strain relation
{in tension and compression)
‘R
x 104 (N)
4
3 -
2 -
1 -
L 1 4 | i 1 il
0 2 4 6
Time (sec)

(e} Load variation
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