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Nomenclature

0: Stress

Oy: Yield strength S

0}0: Yield .strength at reference temperature
£ : Strain

£y: Yield strain

Eyo: Yield strain at reference temperature
8: Temperature

8,: Transformation temperature

o Aci'temperature

&Mm: Temperature above which yield strength becomes zero

8y: Initial temperature

8,: Interpass temperature

T: Rise of temperature

E: Young:s modulus

Ey: Young>s modulus at reference temperature
H: Coefficient of work hardening

: Coefficient of Tinear expansion

: Coefficient of Tinear expaﬁsion at reference temperature

: Specific heat

Density

Thermal conductivity

: Thermal diffusivity

Thermal efficiency

: Welding current

! Welding voltage

! Welding speed

: Heat input per unit weld Tength

! Heat input per unit time

Time

Plate width

: Plate length

: Plate thickness

2a: Crack length

X,y: Coordinates of the point (location) .'
Specific deposited heat

v

T = oo o€ ™ s a8 g

o

Ky: Bessel function of second kind and zere order



e*=s/syo:
0*=070y, :
8%*=0,8/eyg :
OY=0y/ 0, :
a*=a/ao:
E*=E/Ey:
H=H/E :

W= U
X=x/h, Y=y/h:
T=2]kt/u:
W*=N/h:
L*<L/h:
X*=x/h, Y*=y/h:
*=2 fkE/h:
Y3=y/a:
Wi=W/a:

Q=2 kt/a:

b =0/h2:
To=aqTo/exo *
Tav =0/2c phi:
Tay v=%Tlay/eyg:

TaM=0/ /2xeahcp:

T
e:

Tam=oloTam/ €1 *

Dimensionless
Dimensionless
Dimensionless

strain
stress
temperature

Dimensionless yield strength

Dimensionless
Dimensionless
Dimensionless
Dimensionless
Dimensionless
Dimensionless
Dimensionless
Dimensionless
Dimensionless
Dimensionless
DimensionTless
Dimensionless
Dimensionless

coefficient of linear expansion
Young’s modulus

coefficient of work hardening
plate Tength

location

time

plate width

plate length

10cation

time

location

plate width

time

Heat input parameter

Dimensionless

heat  input parameter

Rise of average temperature _
Dimensioniess rise of average temperature

Rise of maximum temperature at crack tip

The ratio of the ¢ircumference to its diameter
Base of natural logarithms

Dimensionless rise of maximum temperature at crack tip
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Fig.l-4 Temperature dependence of yield
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Table 1-1 Physical and Mechanical properties

Miid steel |AI50B3-0 | SUS310 HT 80 9% Nisteel
clealiT- q) 013 0.23 Q12 0.13 0.2
¢ (glemd) 78 264 803 7.8 79
Eol kg/mme) 21000 7100 20400 21000 20500
Cralkgimm?) 31 148 28 80 64
Ew(=OwiEo) | 14Bx1G7 | 21107 | 138107 [ 381x10°7 | 312x10°
olo (°C1) 12x105 | 238005 [ 1.75x10°% | 12005 | 12:00% |
m(°C) 830 430 550 830 830
& (C) 67 46 1.1 26 32
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1 Ocallem x
h 2Py
Table 1-3 Dimensionless variables ‘”'_W—T‘;"w y
used in welding deformations (1T =Q/ X1_x,.'h Y1 wih Wewn
Strain E-EfEy
Stress 0"=0/0v
Temperalure 8*= oloB/Ey, 4Q callem X
Yield Strength = G/ O ¥ _;
Coefficient of Linear * Zh x Plrg,y,) =
Expansign o = otfoto ¢ %2y,
Youngs Modulus E"-E/E. 2w W
Coefficient of Linear W H/Eq ¥
Expansion (2) BobQUn=oieTs  Kigs2n
Plate Width W=/ h ' Lk * pe
- X Yo=yo/2h=Y, Wo= 2W! Zh=W|
Location .
5 fef‘;j%’h Fig.1-10 Similar plates of bead-
ime = - on-plate test (instantanecus line

heat source)
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Table 1-5 Experimental conditions

(a) Mild steel

Tav L 24 1 1 v ¥ 0
ecy | (om) | (om) § o) | (amp. ) | (ort.) [{em/min.) | (cal/em)
a0 { 450 | 300 | 15 1 as0 24 31 3500
300 [300 | 12| 4% 25 38 2850
300 Jzo0 | 12 | 445 25 38 3000
126 | 300 Jza0 | 12 | 435 24 30 3500
450 f 300 | 15 | a3s 25 20 5500

(b) Mild steel and Al alloy

* i ot ew | h ‘v ¥ Q
Tay | Material | oy (mn} | (Amp.} ] (Velt.) { (cm/min.) | {cal/em)

() | (mm)
1.0 JA15083-0 $4.6| 3001 200 10 135 24 30 1070

5541 6.7] 300] 240 ] 12 435 25 20 3500
Tay: Average temperature V: Welding voltage

L: Plate length v: Welding speed

W: Plate width Q: Heat input

h: Thickness tg: Arc time

1: Welding current

Eod

T;,: Average temperature parameter BM: Material parameter
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Table 2-1 Experimental conditions

rial specimen | Length | Width ] Thickness Eonditio] °
Pate nﬁmber E(mmy | 2W(mm) h () HONE VTeamimy] Tevé C)
5541 L8 100 200 12 435 25 35 131
ML2 200 200 12 445 25 35 134
M3 iy 200 12 445 25 38 125
ML4 400 200 12 435 25 k1 131
MWl 300 100 12 435 25 38 240
M2 300 240 12 435 24 30 122
M3 300 300 12 430 25 38 30
Mad 300 400 12 435 25 38 60
MW5 300 800 12 435 25 35 32
L 300 200 12 455 25 23 210
Mgz 300 200 12 438 25 28 153
MQ3 300 Z00 12 A20 25 56 80
M7l 450 300 15 450 24 31 %
Mi2 asn 00 15 435 24 21 m
MT3 450 300 15 435 25 20 122
MT4 300 200 10 455 25 n 114
WTh 300 200 10 455 24 35 157
MT6 300 200 10 450 24 42 130
HT?7 300 400 12 425 25 k] 58

e
Al5083-0 AL 300 200 10 220 26 40 12¢
AL2 300 200 10 220 27 60 82
AL3 300 200 10 230 27 £9 105
ALA 300 200 10 138 24 30 ag
ALS 300 400 10 220 27 60 41
sUs3lo 551 300 200 10 220 | 27 40 76
552 00 200 10 210 27 26 na
583 300 200 10 215 3 32 109
554 1 530 200 10 205 27 43 67 .
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Table 3-3 Effect of welding process on nugget geometry
and welding deformations

Welding process |Welding |Welding, Welding |Bead | Penetration | Transverse | Angular
current | voltage| speed width | depth shrinkage | distortion
I1(A) V(V) |[v(cm/min)| a/h b/h S (mm) & (radian)
GMAW 400 26 75 0.88 0.40 0.24 9.8x107°
SMAW 186 32 50 0.75 0.25 0.25 7.4x1073
GTAW 253 17 30 0.50 0.35 0.28 4.2x10°
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Table 4-2 Experimental conditions
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Table 4-4 Conventional formulae for calculating
residual stress distributions for high strength

steels in groove weld
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Table 5-1 Experimental conditions and data

P UL 1. AR
LT 7R (SHAW)

T

Material | Length | Thickness| Width | Grocve |Heat input | Transverse ! Angular Welding
angle shrinkage distogtion Process
L{mm) h{mm} Wimm) [ ¢({deg.)]Glcal/em) S{mm) &(x10%rad. }
530 100 30 100 60 4000 1.24 3.84 GMAW
200 1.50 4.96
300 2.18 5.93
500 2.14 5.48
300 30 100 €0 2660 2.22 6.81
3000 2.19 5.35
. 6000 2.16 4.86
300 45 100 &0 6000 3.35 7.23
300 0 100 kD] 4000 1.3% 3.51
45 1.51 4.40
90 3.75 11.24
300 0 100 [41] 3300 5.34 14.62 SMAW
A15083-0 | 200 30 10 60 1300 3.42 8.75 GMAW
2100 4.43 S.08

Table 5-2 Chemlcal compositions and
mechanical properties of mild ste;el

and Al alley
(a) 8541 _
Chemical composition (%) ¥.5. 7.5. E1.
clsi|myop s |(xg/mm ) |(kg/om ) | (%)
0.14]0.18]0.83|0.026]0.016 29.3 46.9 n.7

{b) A15083-0

Chemical composition (% P.s. T.5. E1.
tu | si | Fe IMn|Ma | cr | Ta J2n {{kg/mm ) | (kg/mm )] (%)
0.0410.09)0.22]0.4814.5]0.15}0.021Tr 13.8 30.9 §29.0

T.5.: Tensile strength
Y.S5.: Yield strength
P.S.: Proof strength

ET. : Elongation in 30mm
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