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A Study on the Analysis of Plastic Zone in Carbon Steel
after Strain Aging
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ABSTRACT

In this paper, the behavior of plastic zone in the notch tip was studied under Loye’s Micro
Vickers Hardness Measurement Method. The direction forming maximum plastic zone was estimated
by finite element analysis. In the experiments, cold rolling sheet SGCD3, SK5 and hot rolling sheet
5541, S45C was used to study the influence of carbon contents on plastic zone. The standard
sardness test specimen and the notch hardness test specimen was made and loaded cyclically. The
:pecimen was aged to stabilize the hardness, After aging treatment, the notch specimen was made
and simple tension load of 50% yield strength was applied. The hardness test at the notch tip until
the hardness data of standard hardness specimen was checked was performed.
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() BA=AYE T8 &£A4Y99 AYPA= Riced Table 1 ©479 7|43 54

Rosengren?] 44 9o)&(6=100")2t Tuba?l 44 _
Qo] 2(9=69")¢] HIa= AFL HPT 71Ad 54 |SGCD3| SS4l | S45C | SK45
(4) Freassid2a, S48, W¥d 2 4uygd 147 =(MPa) | 2803 | 539.2 | 590.2 | 557.4
9] o], vrEEZE © 3)%o] BAQC] oF 69°WEFC YEA=(MPa) | 1687 | 386.1 | 321.8 | 3948
DU - ' Fopg | 033 [ 033 | 033 | 033
2 BFos 2499 Arx FIHA F4HH WAZAE(H) | 724 | 1248 | 1402 | 1442
975, Agdnste) Aole Azvre) AAH 4
Ho] Al 7% AR Table 2 ©@479] 34 E
SGCD3 5541 S45C SKb5
doed 0.004% 0.15% 0.46% 0.84%
1. T. L. Anderson, Fracture Mechanics, Table 3 Zeg]¢8 ¥ ZQy
fgusglldamentals and Applications, CRC Press, Cyclic Load P Poer
2 G R Irwin, Plastic Zone Near a Crack and Prestress | Yield LoadX70% | Yield Loadx90%
Fracture Toughness, Proc. 7th Sagamore Conf. Prestrain | Yield Load X90% | Yield LoadXx 110%
1960.
3. Tuba, A Method of Elastic-Plastic Plane Stress ) ) .
and Strain Analysis, ]. Strain Analysis, 1, pp. Table 4 A4 7] B A=(Z$9)
115-122, 1966. ~ |0~100" (Step : 10° )| 60~70" (Step : 2" )
4. Klaus-Jiirgen Bathe, Finite Element Procedures Materials N P N P
in Engineering Analysis, Prentice-Hall, 1082, peen o | T =
5. R. S. Barsoum, "Triangular Quarter-Point SGCD3 | 16 mm | 60, 70 17 62, 64
Elements as Elastic and Perfectly-Plastic Crack $541 1.6 mm 60" 1.7 62"
Tlp Elements", Int, J Numer. Math, Eng 11, S45C 15 mm 50, 60° 16 62, 64°
pp. 85-08, 1981. - -
6. RH. Dodds and L.A. Lopez, "Substructuring in SK5 16 mm 70 17 62
Linear and Nonlinear Analysis”, Int. Numer.
Math. Eng. 15, pp. 583-597, 1980. Table 5 HUA249 =7l 2 = (=E¥H)

7. CF. Shih, HG. delorenzi and M.D. German,
0—~100" (Step : 10° ) | 60~70" (Step : 2° )

“"Crack Extension Modeling with Singular Materials

Quadratic Isoparametric Elements”, Int. J. Tpmax) 6 max Tpmax) 6 max
Fracture 12, pp. 647-651, 1976. SGCD3 | 16 mm 70° 16 70
8. L. Banks-Sill and D. Sherman, “"Comparison of ) .
' ss41 | 14 50, 60, 70" | 15 66
Methods for Calculating Stress Intensity Factors o . -
with Quarter-Point Elements”, Int. J. Fracture S4C | 14 mm | 50, 60 14 60
32, pp. 127-140, 1984 SKs | 14mm |50, 60, 70" 16 66, 68°

9. L. Banks-Sill and Y. Bortman, "Reappraisal of
the Quarter-Point Quadnlateral Element in

M)A a7l 9@ dx(xg ¢
Linear Elastic Fracture Mechanics”, Int. J. . 206 Ad24E 271 % A== 89 15)

Fracture 25, pp. 169-180, 1984 _ |0~100° (Step : 10" )] 60~70° (Step : 2° )
Materials
Tpimax) 0 max Tp(max) 0 max
SGCD3 15 mm 70° 1.7 64°
$5841 16 mm 60° 1.7 62°
S45C 1.5 mm | 50, 60° 1.6 64"
SK5 1.6 mm 60° 16 60°
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Table 7 A& Y 27 R ZF=(Z3H 53)

Table 12 A4 27] 2 ZA=(ZUY 103)

0~100" (Step : 10" )| 60~70" (Step : 27 ) 0~100" (Step : 10° ) | 60~70" (Step : 2" )
Materials Materials
Tp(max) 0 max Tp(max) 0 max Tp(rax) 0 max Tp(max) 0 max
SGCD3 | 1.6 mm | 50, 60° 1.7 62 SGCD3 | 14 mm | 60, 70° 15 66°
SS4L | 15 mm | 50, 60 16 & sS41 | 1.4 mm |50,60,70° | 15 68°
S45C 1.5 mm 60 1.6 62°
SK5 1.5 mm 60" 16 66"

Table 8 H4AY 7] 2 ZA=(Z8H 103)

0~100° (Step : 10° )

60~70° (Step : 2° )

Table 13 H&A4Y 27 2 Zx=(ZIY 303)

Materials
T'p(max) 0 max Tplmax) 0 max 0~100°" (Step : 10° )| 60~70° (Step : 2° )
" N Materials
SGCD3 | 1.5 mm | 50, 60 16 62 I'p(max) 0 max Tp(max) 0 max
5541 15 mm 60° 15 60° SGCD3 | 1.4 mm | 50, 60° 15 68°
S45C 14 mm 60° 15 62" §5841 14 mm 60° 15 66°
SK5 1.6 mm | 60, 70° 1.7 62° S45C 14 mm 60° 14 60°
SK5 15 mm 60° 1.6 68"
Table 9 Hu424Y a7] € ZF=(Z-E&Y 3098)
0~100" (Step : 10° )} 60~70" (Step : 2° ) - -
Materials I Making of Specimen for Hardness Test I
Tp(max) 6 max Tp(max) 0 max ‘
SGCD3 | 15 mm | 60, 70° 15 62° -
L Prestress & Prestrain l
S5841 1.4 mm 60° 15 66" 1
S45C 1.5 mm 60° 1.5 60"
- . Aging Treatment
SK5 1.4 mm 60 16 62 for Stabilization of Hardness

Table 10

Hd249 371 2

A=(=guy 13)

0~100" (Step : 10" )

60~70" (Step : 2° )

Materials
Tp(max) 0 max Tp(max) 0 max
SGCD3 1.6 mm 70° 1.6 70°
5541 14 mm 60° 15 66
S45C 14 mm 60° 14 60°
SK5 1.4 mm 60° 15 66°
Table 11 Hj44Y =7 € Z=(=ZAY 53))
Materials 0~100° (Step : 10° )| 60~70° (Step : 2" )
Tpnax) 6 max Tp(max) 0 max
SGCD3 14 mm | 60, 70° 15 68"
85841 14 mm 60° 15 66"
S45C 1.3 mm 60° 14 66"
SK5 1.5 mm 60° 15 62°
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