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ABSTRACT

Effect of Transverse and Bending Restraints on

Welding Residual Stress in Butt Welding

Moon, Ju Seung
Advisor : Prof. Park, Jeong Ung, Ph.D.
Department of Civil Engineering

Graduate School of Chosun University

Most of the joints connecting steel structures have been welded except for
high tension bolt joints that are being used in the field. The disadvantage of
welding joint is that it is more difficult to manage than high tension bolt joints
and require qualified professionals to execute welding joint, but welding joint
has more advantages than bolts if it is in accordance with specifications and
proper joint design. Therefore, welding is widely used not only in construction
but also in a variety of industries such as ships, atomic energy and aviation.
The variables between the factors in the welding of the structure, the high
temperature behavior of the material, local high temperature heating, cooling
shrinkage and restraint conditions, etc. interact to produce residual welding
stress. In particular, welding residual stress can affect the material yield

strength, fatigue strength and brittle fracture crack advance path, thus

Vi
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reducing the health and life of the structure. In addition, many studies are
underway at home and abroad, and the welding residual stress is applied as a
secondary load when assessing the safety of steel structures. For more
accurate safety, we want to analyze and measure the residual stress more

rationally.

Therefore, it is necessary to study the effect on welding residual stress
according to the actual restraint and propose the distribution of reasonable
welding residual stress applied to the part. The thermal elasto—plastic
analysis using MSC MARC, which is a nonlinear finite element analysis program,
is used to calculate weld residual stress with different thickness, yield stress,
transverse and bending restraint and the linear regression results are analyzed.
The structural models used in this study are complex and large in terms of
analysis and require a lot of analysis time in 3D thermal elasto—plastic analysis,

so 2D thermal elasto—plastic analysis is carried out and the results are correct.

As the restraint increases, the residual stress in the initial layer part of the
welding becomes larger in the compression direction, and the stress in the
tensile direction is larger in near the thickness center part. By restricting
bending deformation, tensile stress generated in the initial layer part of the
welding is suppressed, and stress is generated in the compression direction. A
stress is generated in the tensile direction in order to maintain such balance of

force in the center part.

Vii

Collection @ chosun



An explanation ability of the prediction formula is judged to be high, the
residual stress of welding in the center part of the welded part and the toe part
can be calculated, and the prediction value is compared with the thermal
elasto—plastic analysis result, and it is confirmed that they match well.
Especially, by introducing not only general lateral restraint but also bending
restraints for suppressing each deformation, fine residual stress prediction is
made possible considering the dynamic restraint conditions of the actual

structure.
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{e}={e"t+ {6} (2.9)

97 WEES 59 WHonrH

olo

{o}=[D{e} (2.10)
o 7]A,

(D°]: @4 SE-WgE WEY st}
21 (2.10)°] A (2.9) & et ot 2ot

{o}=[D°]({e}—{e'}) (2.11)
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G-wgE WANS 4PAS ol gato] Liehyu

e T aTl
&y | _ [De]*l Oyl |aT
e o.] loT (2.12)

{e}=[D°] Yo} {e'} (2.13)
2] (2.10) S TEFoZ ] 2w,
(2.14)

{do}= [ D {de—de'}

A @23 Ane B4 459 £E GEde AL 49 So-wEE B
Adel frt. 2xe AEYS el @ AS Y F¥ IFL (ClTem 3
g,

AE7F FAAFTS sk FF 4 (2.9), 4 (2.10)& o] &34

{de}={de}+ {de'} (2.16)
{do}= [D°[{de } (2.17)
o71M, @Y MAELS Y U 2x9 FrolmE, WY WHEY FRE
8{8}
lae}= { }{d 7T (2.18)
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2l (2.14)& 2 (2.15) ] st Fstd

oD g

{de}= (D] Hdoh+ === (2.19)

21 (2192 2 (2.16)3 2 (2.14)° skl Heglshd

alpe]™!
o7 {o}dT+{a}dT (2.20)

{dee}z [D6]7 1{d0}+

A (22008 A 19 teE BAddel SHER o P4 B A
o thgat go] Fajxt

{do}=[D°]” {de}— [De](‘a‘[’;;]{a}+ {a})dT
el1—1 e 1 E—F
= [Dp°] {de}—([D ]{a}—E 17 {a})dT
= [D) Yde})— {CYdT (2.21)
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M

tan"* R,

Ap+2A4,=S
OA=S
AB =ON
CD =1,
BC=1,
OoC=P

Ay <

o

FAl7h A5, 79 2700 Bilel A4 Ovael 9k A, = §4%e Wl
%

A7 FEAR o7 A ok o)A

Rp = % (A4 ONe F-ul) (2.37)
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R, = @ (AR 0y Ful) (2.37)

o == (Z+d)” (2.38)

g8y, HEY 4ol R KR, OIEE F53E g, JAECE U
Ao vehdth
0y =Ry, =mR, (2.39)
=, 74589 o,v 2923 b)) FA ONE FHl Repell vl#E gttt o] Ry ©]

1
o] FEANAS WFoT F3)7] fI5te] Bad w9l §Hdeld Aol Fs

v o] A& 4% (Restraint intensity) 2F1L 3o},
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3.1 &34

|
=

)

Y

o,
o
1%

S 2N ey or RS £ ded

ofo
i)
2
1o
=

o

Ne FAlo AAshs AFdAel, LEREE IS4

M
rfo
ki
%
1%
K
{8

°©
e

)
>

Te e 8] Wrel Aotd LxdAe vy FeadaA

=2
2
ol
il
ofy

1

12

5o
=

AEe wEbA 2 Aol e dd ATl AAlE FRe

N
ofy
to

fo
B
X
o

Frt

g Qlgste] o] 14 A} wwagict
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A W A AREe mele 9 319 2or @] PE REA O R o]
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Welding) 822 A 2~0la 138 3.1(b)= SAW (Submerged Arc Welding) &
AIZ2MAS ARSI 29 3.1(a) FCAW AldAE F77F 12.1mmol1 =
800, do] 700mmelt}. F &H A= 3passolal AAIE EHFALS E 3.1

HolF3 gtk Y WHIYS

H

4 3.2 2o I¥ 3.1(b)= SAW A
Aoz SAWEHIZZAAE ARGl oW, 7]E SAWS w27 74 ol
supplemental cut wireg #9311 SAWEHE Fo 2 FAFE S7HA7]= &
S AFESFRA Y. A H Y] FA = 25mm, % 1000mm, Z°]+= 1000mme]™,
S5 ddde a9 3.20b) 9 2o £8 9 A+ single passolal £HFAS

% 3.2¢] HojFal gl

S >
700m X2 50t
m o
45 3 ‘ 7
25mm
12.1mm ﬂ I 500mm Y $00mm

Womm 1 F—5mm U

o

Gap=0mm

(a) FCAW (b) SAW
a9 3.1 94 =Y

5 1 6/6 | 6]

l4“ ‘6

"

(a) FCAW (b) SAW

19 3.2 8% ddvia=E
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% 3.1 FCAW &3z

Initial and Interpass Welding Condition
Pass Process Temperature Amperage | Voltage Speed
() (A) 2 (mm/min)
p | FeAw 27.0 240 275 207
(¢ 1.4mm)
g | FCAW 27.0 300 39 300
(¢ 1.4mm)
SAW
3 (o 4.8mm) 27.0 650 32 325

E 3.2 SAW &5=x7

Initial and Interpass Welding Condition

Process Tem];()%*)ature Amperage Voltage Speed
(A) W) (mm/min)
. SAW . 10.5 1120 345 210
with supplemental cut wire
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FCAWSH A EElolM 47px) 2rsidqdvtel Aol s 54 dats wash|

|

Y& 19 3.37 o] B = E4F TAA 15, 20mm "o 23 (top_15,
top_20) 3} stHAE 85 F4oA 10mm, 12mm EolZ2 2 (bot_10, bot_12) ]
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Line B

Line A
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1800

1600 First Pass

1200
1000

800
600

400
0

1pass_top_15 1pass_top_20 1pass_bot_10 1pass_bot_12

Temperature (°C)

EA mB uC mD mAlS] mAS)

1600 Second Pass

800

600

400
0

2pass_top_15 2pass_top_20 2pass_bot_10 2pass_bot_12

Temperature (°C)

HA mB mC WD mAG] mAH2

1600 Third Pass
1400
1200

800

600

400

200 I I
0

3pass_top_15 3pass_top_20 3pass_bot_10 3pass_bot_12

Temperature (°C)

HA mB mC WD mAH1 mAH2

1Y 3.4 FCAW AlEA] i3t JiEg=
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olgfst del AJS Ietstr] &l 19 3.5 AFACY Fusion line¥ HAZ
lineel Ao SAS AAox Yepfa siAoA SHS HuEgdeEs dHdow
HojFa QIth. 1% 3.5% A3WHFY E=Ed 2%E ousta B AFoMe 1
C = 7Fd3toith. HAZ line& A¥ kel vlwsix ZE 7)#elA o wA

%3t 2, Fusion line %7 D7} 5H¥3] 9 Y2 Joo] AAA Ao
S0t AE & F Atk weEbA 231 D] AFelA Hurd 257 o A vERd

Z1e &4 4 Qt}h 3H Fusion line®] HAZ lineRth H1xg %o ¢ & g3

R

14

[N
~

Distance from center y(mm)

16

[ —=—a

B C

(a) Fusion Line

[
IS

I =
1) ~

Distance from center y(mm)
®

0 2 4 6 8 10 12 14 16 18 20
Distance from center x(mm)

——a B c —0 - |

(b) Haz Line

1% 3.5 FCAW Al@4A] Fusion Line¥®} Haz Line B]®
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si4 Ank e

Aolg} wlmald Wl Ak 7

O =7 A HAZ lineo] oA T4

3 A Hi 2x7F Bl o A YEhd
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1000

800
g 600
g
§ 400
200 II I
0
Top_30 Top_40 Top_50
Time from start of welding(s)
A mB mC mAEH1 mAFH2
a8 3.7 A8A) SAWE H3 JuEELE
30
€
£ 25
So—
>
S
5 20
c
o 15
(8}
€
S 10
S
L
o 5
(8}
c
s 0 T T T T T 1
-'oﬁ 0 5 10 15 20 25 30
Distance from center x(mm)
—8—p —&—B ——C(C =----- AlS |

(a) Fusion Line
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g 25 .
> / / /
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L d /,
@ 15 g
(&) P ‘
€ A
o 10 II l
- /
g ® -‘ ’
c \
@ 0 1
-
.‘Qﬁ 0 5 10 15 20 25 30 35
Distance from center x(mm)
—a—A T e A3 |
(b) Haz Line

1% 3.8 SAWA| @A Fusion Line¥ Haz Line B]1L

o]’e] AuzHE AP Ao o] -3+ HAZ line?} Fusion lineo] U X|&}=4]
5 5. 53] 253849 H & o= Fusion line®] HAZ lineXtt ¢ & 43
< FE RS Y F U
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3.2 22-s M 2 A=A
AT A md vlEow g4 dde] T 70mmel vl A AL A9

R

Y G Mol vlFo] Boks w, 3 A siA2 2 A e Ay} vjad 5
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T Qe 2Nl tE AHYS FAT A2t 9
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ol
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3456

:q-mm||n:v;ezllummgmunqmunqwnmmmmlmm
7 8 9@!23}5 6

Ai...lnl-lv...,..IYm:! shutmdsdindustanbodesbinie

Fasefeachanind

I¥ 3.9 FA 70mm FAC §HE dHnlIZ

# 3.3 77 70mm FAE VA8 A

Base materials Welding consumable
Factors
EH40 TMCP SF-36E
Yield Strength (MPa) 500 570
Tensile Strength (MPa) 604 610
Young' s Modulus (GPa) 206 206
EL (%) 21 29
Poisson’ s Ratio (0.28) (0.28)

¥ 3.4 57 70mm HFA9 €£4x%4d

{Z/Collection @ chosun

Steel eldin: I3l Consumables Shield Gas | Current | Voltage | Speed P

Process Input [Layer

EH40 FCAW 15~17 kJ/cm ST-36EINSSWJ 100% COz2 255A 32V 30CPM 60/21
-34 -




—
=

|70mm
[ ]
1 |
| |
! 300mm |
(a) 22+¢ @Al
TOmm

\ 300mm

(b) 32+ sfAme

13 3.10 57 70mm FA) 9 HHrd

----------- f Ouw) =-==-=--Weld Metal

—— Base Metal

Linear Expansion Coeff
a=13x10"% (1/°C)
Poisson's Ratio

g & &8

Young's Moudulus E (GPa)
Yield Stress oy, ou (MPa)
N
8

g

o 200 400 1200 1400 1600

600 800 1
Temperature T(°C)

1% 3.11 57 70mm FA | ZAHEAY 2EoE4
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o 2% 3.12(@« FA9

9 3.12% 2xdEA A

alo
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el
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Sk
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nl9} o] Contact Support
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e
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X
o

1

2% 3.12 7 70mm FAe) 232349 AAzA

(b) Contact AAIFA
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3.2.2 A73¥YS

23belah 33bel M A sk 4R

A 3984 AT oAl 27984

A 2l Ommet 30mme] A <F7He] 2ol
= AWt dAgE = 5 Ao &4 A
SAFA A Welell AR gro] # dA|stn
ol ulsto] HASH Rdlgo] Jhsetal, Fe
ARgste] FEETE JbRg el vAlE ddFe
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—e-2D —e—-3D W@ Neutron —-2D —e—3D @ Neutron
70 70
n
| x=0mm L] 6
[ ] x=30mm
u
u
[
[
n
(]
n
10 n 1
]
’J;’m -100 =200 0 200 400 600 §00 1000 'l:;’\ﬂ -100 =200 0 200 400 600 800 1000
Residual stress ozz(MPa) Residual stress ozz(MPa)
Omm Residual Stress Z 30mm Residual Stress Z
—e-2D —e—3D @ Neutron —e-2D -e—-3D W Neutron
©
n x=60mm x=100mm
[
=
n
u
L]
[]
n
]
10 10
ﬂJv 00 -400 =200 0 200 400 600 800 1000 ”»/ 00 200 400 600 300 100¢
Residual stress ozz(MPa) Residual stress ozz(MPa)
60mm Residual Stress Z 100mm Residual Stress Z
%7(—1 A Sk = 0 &7
(a) H al o 23 S =i
—e-2D —e—-3D W@ Neutron ——-2D —e—3D @ Neutron
_t 0
[
a0 x=0mm L x=30mm
% 4
[]
0
10 10
(]
"J; 00 -100 =200 0 200 100 600 800 1000 ",/, 00 -100 =200 0 200 100 600 800 1000
Residual stress oxx(MPa) Residual stress oxx(MPa)
Omm Residual Stress Z 30mm Residual Stress Z
—e—2D ——3D | Noutron ——-2D —e—3D | Neuwton
Y
]
60 x=60mm L x=100mm
[] n
n n
n
L] n
n []
n
n n
n [}
10 10 [ ]
‘,l‘ 00 -400 =200 200 100 600 300 1000 ; 600 -400 -200 0 200 100 600 800 1000

Residual stress oxx(MPa)

60mm Residual Stress Z

(b) &HA

Residual stress oxx(MPa)

100mm Residual Stress Z

A7ZMrEE Ao

o T

I% 3.13 ¥4 70mm F-AelA SRAJXFT-EHE Az S3 vx
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MH Sol GBS W, AATEoRE TR I, 7], $HEA Sl d9
AP Witk B ATNAE SN 98T 4] JFS wol FHARSY

A= FFel dell AFE AT olHF FHel dish Ao 83 E

B oATelA ouat THe TR ¥l Az 375e 84
PP Imm FAWGE WAAND W Bt §HY oy Bt
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7]+ Watanabe(1985) e ¢Jsd DWT 10,000 ton 3H&4A|2A] block I+ &
AR FEEE 54 47 Hdl 100MPa/mm 585903, 2A125(1990) ] ]t
W 22,000TEUS deck topelA 543 5%+ 100 ~ 200MPa/mm ©.% 7
abskdnt, olgst A¥E wigoz 2 A= FFERY AVIE A

300MPa/mme| & 273}t
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TEES ARSI wAE T faE WA FEEE S FT
0, 100, 200, 300 MPa/mmz A4t} A1EEE FFLE5E9

A717F 04 o =, ARFAAEHL & AHIZFS 100%, 70%, 40%, 10% = 7t

A7 BT AXY s ARSI, oW AT FAeA 10 3]
E'_:}

A THE @O AgSYh ol RAY A we £171

A e FA= 25, 50, 70mmeolal, Ao FEe FEAE= 330, 405,

460MPa oltt. 2EAA ALEe= 243 2EIEL= sl &5 R

o

F g sy flatel & 72709 AuAYNAL WSk AA FHE 3

3 3.59 #Zrh

1%

ekl

rlo
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) 3 F&£T Ksm _ 3 75X Ksb
(RS Pa) | 5 ! 7+ B
35-5% (MPa) | 77 (mm) (MPa/mm) “ri 3 (mm) (MPa/degree)
3.79 0
2.8 29
0
1.67 125
0.42 468.1
25
100 1.1 125.9
200 1 28.98
0.82 0
300
0.32 468.08
3.65 0
2.38 17.13
0
1.71 82.38
0.37 493.07
330 50
100 0.99 186.16
200 0.84 215.71
0.71 282.2
300
0.22 462.74
4.12 0
2.93 9.4
0
1.68 86.02
0.46 649.81
70
100 0.88 210.26
200 0.54 246.59
0.54 324.71
300
0.32 784.34
- 41 -
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3.11 29
1.76 125
0.41 468.1
25 100 1.13 125.9
200 1.03 28.98
0.8 0
300
0.31 468.08
4.55 0
3 17.13
0
405 1.88 82.38
0.43 493.07
50
100 1 186.16
200 0.84 215.71
0.71 282.2
300
0.28 462.74
4.65 0
3.43 9.4
0
1.63 86.02
0.49 649.81
70
100 0.78 210.26
200 0.65 246.59
0.54 324.71
300
0.29 784.34
4.65 0
3.27 29
0
460 25 1.93 125
0.46 468.1
100 1.25 125.9
- 42 -




460

200 1.12 28.98
o5 0.91 0
300
0.34 468.08
4.73 0
3.24 17.13
0
2.01 82.38
0.47 493.07
50
100 1.12 186.16
200 0.93 215.71
0.79 282.2
300
0.33 462.74
481 0
3.65 9.4
0
1.97 86.02
0.53 649.81
70
100 1.13 210.26
200 0.81 246.59
0.6 324.71
300
0.33 784.34

Young's Modulus : 219GPa, Poission Ratio : 0.3

Total Anaylsis Case : 72
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I% 3.14% P 70mmel $AY FEE ANRYES wFI vk 17
314 AW Imm AN $HVTOII, 7 314b)E 1T HAAA
39

Ho]F i},

X

M
b
il

Icase2

Comp 11 of Stress

(2) 1mm ZAHA X HHaE <&

(b)

Icase2

Comp 11 of Stress

(0) 1° ZFAWA X ek 28

1% 3.14 ZARLY 7559
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O™ 3162 FAE SR 38 & SeE RoFa

\ot.

;"O

(b) ¥4 50mm (34 pass)

(c) ¥4 70mm (60 pass)
a¥ 3.16 74 315 INH §xHL
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3.3.3 &434 A7}

(a) 77 25mm,

(b) F71 50mm

(c) 71 70mm
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25t Yield Stress 405MPa / Center

400

25

= N
w o

=
o

Thickness (mm)

200

25t Yield Stress 405MPa / Center

300 400 500 600 700

Residual Stress Z (MPa)

—=—Bending Restraint 0 -=-Bending Restraint 29
—+-Bending Restraint 125 ——Bending Restraint 468

(a) 57 25mm Center ¥

25
20
E1s
o
4
c
S 10
£
=
5
0
-300 -200 -100 0 100 200 300
Residual Stress X (MPa)
-=—Bending Restraint0 -=-Bending Restraint 29
—+—Bending Restraint 125 —Bending Restraint 468
50t Yield Stress 405MPa / Center
50
40
E 30
3
4
£
L 20
£
=
10
0

-300 -200 -100 0 100 200 300
Residual Stress X (MPz)

—=—Bending Restraint 0 -=—Bending Restraint 17
—+Bending Restraint 82 ——Bending Restraint 493

(b) 7

(*ICollection @ chosun

50

N w S
o S S

Thickness(mm)

[
(=}

500

- 48 -

50t Yield Stress 405MPa / Center

600

Residual Stress Z (MPz)

—e—Bending Restraint 0 —=-Bending Restraint 17
—+-Bending Restraint 82 ——Bending Restraint 493

50mm Center



70t Yield Stress 405MPa / Center 70t Yield Stress 405MPa / Center

70 70
60 60
50 50
€ €
£E40 £E40
2 %
g g
% 30 %5 30
£ £
20 20
10 10
0 z —— 0 =
-500 -400 -300 -200 -100 0 100 200 300 400 500 -400 -200 0 200 400 600 800
Residual Stress X (MPa) Residual Stress Z (MPa)
—s—Bending Restraint0 -=-Bending Restraint 10 —e—Bending Restraint 0 -=-Bending Restraint 10
«-Bending Restraint 86 ——Bending Restraint 650 Bending Restraint 86 ——Bending Restraint 650
= )=
(¢) ¥7 70mm Center ¥
= 2T [e) AT =
a9 3.18 T4 E7 0 MPa/mmY W, F7&5E0 o &
=) S S = O
Centerf-oll A X, 720 1758 £¥
25t Yield Stress 405MPa / Toe 25t Yield Stress 405MPa / Toe
25 25
20 20
E E
£ 15 E 15
a 2
g g
S 10 $10
<= =
= =
5 5
0 - 0 i
-200 -100 0 100 200 300 400 -200 -100 0 100 200 300 400 500 600
Residual Stress X (MPa) Residual Stress Z (MPa)
—=—Bending Restraint 0 -=-Bending Restraint 29 —e—Bending Restraint0 -=-Bending Restraint 29
Bending Restraint 125 —Bending Restraint 468 Bending Restraint 125 —Bending Restraint 468

(a) ¥4 25mm Toe -
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50t Yield Stress 405MPa / Toe 50t Yield Stress 405MPa / Toe

50 50

40 40

E 30 E 30
7 7
(] ﬂl
c =4
< =

E 20 220
= F

10 10

0 0

-300 -200 -100 0 100 200 300 400 500 -200 -100 0 100 200 300 400
Residual Stress X (MPz) Residual Stress Z (MPz)
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AgE 72 w42 4 B.2)olH ARSE W ofdel 2

R (Z)1+b (Z)Zb (Z)3+b (Z)“‘+b (Z)5+b (Z)Zb @
oy 0 '\B 2\B 3\B *\B *\B °\B "\B

bo~b; = co + ¢1(0y) + ¢ (Ksm) + c3(Ksp) + c4(05m) + c5(05p) + c6(B)

7

(3.2)

1714
og : Transverse Residual Stress (MPa)
oy : Yield Stress (MPa)
Osm * Membrane Stress (MPa)
osp ¢ Bending Stress (MPa)
Ksm : Transverse Restraint (MPa/mm)
K, : Bending Restraint (MPa/mm)
Z : Location in the Thickness Direction of Weld
B : Thickness of Weld

co~Cq * Model Coefficient
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3 3.6 AlEF Bl AT co~ee BTEA AR
Coef c0 cl c2 c3 c4 c5 c6
0 1.913818| -0.001232963| -0.001549628| -0.000411317| 0.004733172| 0.003795435| -0.01519647
1 -50.703429| 0.001732687| 0.103192854) -0.026177595| -0.711817037 -0.11240921| 0.99222705
2 424.514232| 0.081785075| -1.037079412) 0.302895676| 7.774031624| 1.03344215| -9.76406801
3 -1593.676494| -0.41460089| 3.984327399| -1.161210867| -30.37262754| -3.919390729| 37.43725962
4 2898.945364| 0.844177761| -7.165904447| 2.041291054| 54.82968055| 7.029890061| -68.16032862
5 -2504.048613| -0.799160022| 6.094937132| -1.695650233| -46.66380236| -5.974280811| 59.10525736
6 825.245329| 0.286851039| -1.979966911| 0.540073344| 15.15768565| 1.941659765| -19.62287236
Adjusted R-squared : 0.7823 p-value : <2.2e-16
i 3.7 B RE AT oo BTEA A
Coef c0 cl 2 c3 c4 c5 c6
0 -0.1619012| 0.000249874| 0.001672852) -0.001045338| -0.01411211] -9.0927E-05| 0.014593261
1 2.4039969| -0.003937987| -0.000107242| 0.001212445| 0.01065929) -0.004382763| -0.053304129
2 -19.1973611| 0.035228961| -0.131624442| 0.044436798| 0.99084165 0.1506086| -0.208254396
3 65.4213089| -0.143384067| 0.643753467| -0.20712729| -4.70675879] -0.8030007| 0.99322477
4 -132.7987655| 0.301009023| -1.258323552| 0.388766376 9.0050503 1.712807| -1.29919361
5 142.3877469| -0.310475017| 1.12810855| -0.340076046| -7.98184248 -1.643182| 0.565073678
6 -56.9723061| 0.120632663| -0.384205776] 011412644 2.7030953 0.5885104| -0.005163608

Adjusted R-squared : 0.9395

¥ 3.6,3.7
A 239
olal, EfF
o7 F Ry B
A E= o 5

Collection @ chosun

p-value : < 2.2e-16

- 58 -

T 3N HF A9Ed B AlFE SAYAEE YErd Zojth
°] Adjusted R—squredi= 0.7823¢]3L p—valuex 2.2e—16(<0.05)
33 Adjusted R—squareds+= 0.9395, p—value: 2.2e—16(<0.05)
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3.4.3 AZHel ¢ 27 1)

R

= A= [e) S [e) S A= S A= () o)
P T RBAF e s A% GRS, FTEE, BTEE, 13, FY

<8, T8 AAsto] by~bg

by = 1.9138 — 0.0012(0y) — 0.0015(Kyy,) — 0.0004(Kyp) + 0.0047(04,) + 0.0038(a,,) — 0.0152(B)

b, = —50.7034 + 0.0017(cy) + 0.1032(Kg) — 0.0261(Kyp) — 0.7118(05) — 0.1124(0y;) + 0.9922(B)

b, = 424.5142 + 0.0818(0y) — 1.0371(Kgp) + 0.3029(Kyp) + 7.7740(05m) + 1.0334(0y;,) — 9.7641(B)

by = —1593.6765 — 0.4146(0y) + 3.9843(Kyy) — 1.1612(Kyp,) — 30.3726(05,,) — 3.9194(a,) + 37.4373(B)
b, = 2898.9454 + 0.8442(y) — 7.1659(Kyy,) + 2.0413(Kyp) + 54.8297 (a5, + 7.0299(a,) — 68.1603(B)
bs = —2504.0486 — 0.7992(5y) + 6.0949(K,,) — 1.6957 (Kyp,) — 46.6638(04y,) — 5.9743(05,) + 59.1053(B)

be = 825.2453 + 0.2869(ay) — 1.98(K,,,) + 0.54(K,) + 15.1577(a,,,) + 1.9417(0,,) — 19.6229(B)

(3.2)

by = —0.1619 + 0.0002(0y) + 0.0017 (Kgp) — 0.001(Ksp) — 0.0141(05,,) — 0.0001(a,) + 0.0146(B)
b, = 2.404 — 0.0039(5y) — 0.0001(K,,) + 0.0012(Ky,) + 0.0106(05y) — 0.0043(ay,) — 0.0533(B)

b, = —19.1974 + 0.0352(5y) — 0.1316(K,,) + 0.0444(Ky,) + 0.9908(05,,) + 0.1506(ay,) — 0.2082(B)
by = 65.4213 — 0.1434(0y) + 0.6438(K,,) — 0.2071(Kyp) — 4.7068(05) — 0.803(ap) + 0.9932(B)

b, = —132.7988 + 0.301(5y) — 1.2583(K,,) + 0.3888(Kp) + 9.005(04) + 1.7128(0,,) — 1.2992(B)
bs = 142.3877 — 0.3105(0y) + 1.1281(Kgp) — 0.3401(Kyp,) — 7.9818(05m) — 1.6432(0yp) + 0.5651(B)

bs = —56.9723 + 0.1206(cy) — 0.3842(K,,,) + 0.1141(K,}) + 2.7031(a,,,) + 0.5885(0,;,) — 0.0052(B)

(3.3)
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