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The Ultimate Strength Analysis of the Welded Plate Elements having Resiual
Stresses and Strains
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Abstract

For the rational and economic design of the structural elements of ships which is built
using welding, the ultimate strength analyses of the plates having initial imperfections, -such
as welding residual stresses and strains, are needful. '

The welding deformation usually relied on apprommative‘equations or based on expert’s
experience. But in this paper, for the thermal elasto-plastic analysis of plates, the finite
element analysis was performed, based on initial strain method. In fdrmulating the
incremental analysis, unbalanced force terms were included. In the plastic domain durihg the
incremental process, the 2nd order terms of stress increment and yield stress increment were
considered, so that time increment could be controlled for a more stable solution.

The ultimate strength analysis program of the plates having initial imperfections was made.
The ultimate strength analysis was carried out based on the results of the welding
deformations of this paper. In the ultimate strength analysis the Rayleigh-Ritz method based
on the minimum potential theory was used. .

-331-



1)
(2

T,, ly—oby|<bs & | z— obz| <cs

T(,2,0) -

{

sjdo] B .83}ct.

3

ME
T

o dher 2% Fwo A

3

332

2 Prroi: R R —
~ To? E <
oWy o B = I R
i E‘IT o_ﬁoﬂm!_iﬂor‘l_l
g i B o ~ A o, oA
~ EE oAU o % % Zo © 9P 2
- jad - < 8 ™ ok <°
N Ao My W oM o T 7= M i+
g ™ Lt > |} s | |+ Ly a
v SRR * SN w2 %%i%
- s 5% 7T 82 & S TR Ny %
o =) ,EHT .0 B N <o %W.ﬂl7f‘ma
BN aE_a,a.ll_Hme_lq - S S llll_r]LL‘WL.ﬂl. _|I
T 4™ o XM bl _ _ %Mm_woh_;& > &
& = ! T ol n ~ N T 3l
R dwyT Ia < SERE Moo e X B L
L8 = 0@ 3 I s s Wom W T =k
PN TI =2 -5 __o_._ ) ﬁo i~
20 o= 4 i% E = & £ ok %ﬂi w O
- - Q kel —_—
S FEgre= oo o4 P RTe Tl §
X K g
=2%o%5 § FE T % R ¢
T El ,ﬂ% ,mwo ﬂA_d el = o Q 'S ﬂu 1” RO Mo " g
Thep e F T ES ® oo N X LA
R L I iol
oF ‘__‘_ . L_L — o F T R o_n
Baw b o L A
WoT e e o
oo o N
—)
KB T OTXBE T g e T
T arET R T A TE PR D -
Belizl ToRat SRR TS
—~ X vl o N !
g XX Lo%d.v aw ok g T E® &P Do
o odp o w° 7ﬁ,m7o_=_o iwr} - g .E.ot = 7
Vuoxﬁl &oﬁd_@ro_a%ﬂ_} - _,T%;oduMdr oy e
FTERYE mapewon T pAMaZEEEI4T
i ; LN o o ) —
R ) T ° @ﬂﬂwﬂo%v,ﬁw%h
0 ap ; g ‘ ™ o o 5
O_E%w@ﬁ% %%%%ﬁm& H Waue_a&mﬂo%wuaﬂm
of — _ B ;
o 4 N t‘.* l ar . MIuA.H ...ﬂ ou_o ﬂAI._ 5 O#E o © ﬁL O#E .QI o On_ Ao
w5 M oo T P d Ny Pl T ogm g P 5o o W
@ z,wmaﬂo_o Wy BN © nwmo.mw%mﬂozﬂ\x
o ! i —_—
A B R b T o o EJmhmﬂaﬂoﬁomE
= o P W Ty E e Bk = T T T
» e L.E&oxﬁ Kl ® O/ @ o3
Lﬁxﬂﬂ%%a oo r 38 B m évnmmﬂ.m}@u]s%
o & T I ) PTRE g SR T g w
ﬁoﬂﬂaaﬂn% nH el I - 4 2 a % oY o
22Tz % ZaETUE N TR ETEzZlEL
9ok X2 ﬁwuhax_uﬁrﬂ B Fm e rotnﬂo,u..mu 2
=P P s T e CF W By R - -
w 1 e e oo B ,E T oW ow Dnna ) = £ A= A o = R
q‘rwﬁ“ﬂoﬂalmoi\_ll DM B ELML,._._.MH m,_unnxﬂ7‘.e|ﬁo
K o Bl e e M % o R = E - N
TR A9 N F %R o

~332-



333
(10)
(11)

+ {4D}e%}

] 2745 64
{doy={D+4D}({de}—{de™})

{de} = {BH4v)

73 F gz Ade AR B A &

de— Ae*, g™ = A&’ + A&’

o
i

S % b ! & -
- ‘Wo _.A_u - W Mlo\ w /M\
g B3 T X
7 ar m oggm O M X
BO® ;e MW (- £ ~ )
= " T = a- - N = o
y ~ Iy W M N = s ~
™ 5 3 % P onAw e3 SR 5
ﬂof g mm \Df .- > PLI 70 —_ I | _/1_ M
Z & F 3 G @A on 2 PR
R N X e
UTW — Q + 3 > —_ O_ OL = m o = I
| A — = n} TR — AT S -
2 s = o g of o RSO h) i &3
o__.__ < + - () [S ! S in <
o SE~TS 2 2 d kg om 2 s -9
< TS 5 8§ o ogaws o ow X oy a N
— <3 ~ ae} Py 0_1_ ~ O ) a @
= 78 & & 2 3w oy 4w = w s =
- - y oo
I ) # x 1;4 wm o N 7 » R
o o = = " iy
= 2L e = oxfel L EP R o4 B
* X 2 3 | SIS S A o
— — - — - o ‘.AA_. o .i R0 -
: N Sy N e
—~ 5 o A N
= WPF o XK N
ey © &) g & m=®AT . 8
L} N = < No o =
o ny [
Mo Ir T oy
T o ok ¥ Pt Sy h do . HFE D
= = _ L
Moo W = . o w - m w B W i
N B I/M 4 rfm -, __4 X0 i I W 4 wo X 1&
R & 1 &4 9 < 9 4 I~
N L. n N A .* iny W & i <
-SSR I N wmoow ¥ 23 ExlMe
p s ] W —_

3 g g & 97 r > o
oo kb W @ YOS wae N
N o 2N @@ Il K Kl + s = & aﬁ_

i 1wﬂ X M \R)_m w [aN] Rsh OI, or Ul (E\ 4 _ = - Ko
atl o + + . < N % S T o W
n 1@1 :L — n_A — — > H*An WM —_— >y ~ Mmﬁ Ly ‘Iﬂ ‘_ﬂ_l
. ke ~— ~ ~ -~ I = & - N 3
T T o of +~ Z + -+ 2 u_l r = I ,‘% i - 2 oo
RE X T+ 77 % = R R S =
SO SRS SR T L s & =X Y
W FO S S S =1 - BN L S T (3 Eo .
2w SN R Y . TN S Wow By o
Cis FFET L 0 W g EEB Y
P = N T = Moo R
®» XK 5 ok oA w

(15)

Y+ 4= Y(H+( ﬂ;)AT

- 333~

9)

doy= E e+ AE jueyt+ AE ey



334

Ko

—~
0®

I

o},
(24)

i

(25)

I

27
B

=
Al
>

Al o,

A slokeiel. A
1
ire

SUSL'/

Sz/Su'
Siidei/'_ YAY/(3G)

el °ﬂ*ﬂ. 2 Atz oz

Sijdel,-%* YAY/(gG)

or
3

A

4
= A

e ZA o] AF (21) Ao]
A

& 4 A sl

a
I

(16)
(n
(18)
(19)

?

A%

i

i
b=
i

+ de
de

dey; = dei;
2G

((ZA T+ AaT)&-j
4S;

e
i

e

t
Y

A&t

4Y 4Y 2
ZY(ﬁ)AT + {(‘ﬁ)AT}
4

(14), (15) A28 (13) A& thst 2ol ek
328,48+ 45,45

<r

03
A
N

Ko
w

(20)

ASI'J‘z ZG(AQ[] —dA S,‘j)

(26)
(27

o AE AYRE
(4F;+ FAUdC+

3z
Ar

j;[Eij/el(AEL}'- 4 E*U)(lekl

1

2

-4 E*k1)+O'Z;AW[AWj]dV

Al = AU + 4w
AW=fCF

oz Ak A
4U

ol gatol At

%

41
-334-

F2

21
2

(23)

(@

&

=0

SE

9GS;

AV{Y+4Y/2} ] 3G
= A+

S,

{(S;Sy +% YAYY +4GPK
Ae;,-

{Si;‘deij} 2 (Sijsij)(ﬁeudekz)

GS{,’SU:A/IZ - (SijSU--i- ZGSZ'I‘AEZ‘/)AA
+ {Sl']AeU"'“ GA@,';A@Z'}_ YD}

4714 ¥y

D
K

1714

weba (16) ALz chgwt o] 1o B



e 2 WEge 1P

fs [ (4P+ P\ AW+ X, 4U1dS (28)

A7 oy w A Qn) o 3

folA] S E3

Fl‘ = F,-*Nz-j*nj (29)
P = P+[N; W, + M 1,; (30)
7 = Nz}"i (31)

[ANA WHAW), .+ N, AW, 1, ;

+AM1/1 T (AP'JFTD):O (33)
ANy *n,— (4AFi+ F)) =0 (34)
AMij*an 0 (35)

o] Elrh (32), (33) A2 ztzh H, =9] ke
Gy WA, (34) A2 AW 8 AAEA, (35)
Ae Wl malE ahpel 24e] ok

Rayleigh-Ritz ¥Wdel w2} AU, AW E 7]8}
8 AARAE ‘1%—‘}% ?}f}

o AN Bl A
%

-335-

FAe) AFRE 94 335

All" = 44U + AW’ (36)
AU,, +d4dU;, ; "
L [ AUt Ay
X(MMHA e dV (37)

AW = fc (4F -+ F) AU, dC

+ [ Xau.ds (38)
S,
4 EUZ']':*Z] Egu'—A Eh,‘)'_d Ep[,' (39)
4 & =L (W AW, 1+ W, AW, ) (40)
4 & =5 (AW, i+ AW,) (41)
"

=1 .2 -

4 Epu' 3 4 Ebl'de (43)

WA AW E LN ALE ZAN AFEE
NE zhzAgiek & Ao slstetd AAEAE

ENE GEE Wiwns) Z ohed o] AR

IW(x, v)= Z}ACkM(x, V) - (43)

e}l
de iizégdck(wim’j—‘r VV,]‘M; [) (44)

4=t TSACAC W, W, 45)
(43), (44), (45) A& o]43ld 4U; = o3}
N

-

ZE 2 vAATE T olAlE A2

o]r,]_



336 Zl
AUL-= AU1;+ chkUZki
+ gZACkAClUBin

INA AU, Uy, Usy ~ T3t 22 275
Aol & A B4 7} ek

Table 1 Boundary conditions

7MY E | Qg A | 7]EkEEA
40y 4 v & w &
Usps — 4 &5, free fix
Ui — 4 & free fix

ashd AR $A Fahe Aol s
HEw-e o] asty] uo
o] A A HEz At

Fa ol FRFAA A o]gs £ gk

L TR A 28 AelA F
42%

47

ofd AT = AC, o dis) 232 o2 mEH7)
wfEell 2 (31 = AA k 9 AR B
iA1= =4 4G, 7F ZAAEA, o
40, 4w; 7b #A ARk

ol &

-336-

[e3]
=
olgr dez brel Ad S Yok vad &
el 7= AR} o)) Wl R wtaiel 3
e Al 25k e AT Age

gotel ol AR
Gl Aoz B0
$A4 AU

Eus

Qlt, < 2500 (calfcm) & o

8,=6x10" % Q/t, (48)
Q/t, > 2500 (callem) 4 vl
8=—2.4%10"%xQ/t,+0.021 (49)
2 vepdrt
Fobie) 27 AR W, & 4] (80) F o] xd
=3
W, = 26,0 (50)
8,=28; [ (1+BC) (51
C=1.5+1.975(a/b),+0.927(a/b) (52)
Auks Yo il a=b6 |BE
_ 3b¢
o= 1o+ 165) 63)
o] Hr}.

o
R Ze sty S AALe SalEldc)

SH A AL NomotoS[8]8] 7452} #% 9e
o)



Y (kg/mm’) ax1y
E(kg/mm’
210001 25

2,695

11120

mrp s

0 350 200 1800 2100

T(C)

Fig. 1 Temperature dependency of material
properties

Table 2 Experimental conditions

Voltage | Current Speed | Heat input
(V) (A) (cn/s) (cal/cm)
1 280 70 0.667 7,056
2 267 70 0.667 6,728
Heating line 1
1 2
i 1 3 9 10 11 12
w i 11 14 15 1 11 18
i Heating
E line 2
8 19 20 21 22 23 24
$ 25 26 21 |28 29 30
‘f a1 2, el 36
€C—> (€—D> K> > K>
100 mm x 5

Fig. 2 Numbers of measuring nodes
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