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The aim of this study was to propose a multiple linear regression (MLR) equation to predict ultimate ten-
sile strength (UTS) of 316L stainless steel with unspecified pit corrosion. Tensile specimens with pit cor-
rosion were prepared using a potentiostatic acceleration test method. Pit corrosion was characterized by
measuring ten factors using a confocal laser microscope. Data were collected from 22 tensile tests. At 85%
confidence level, total pit volume, maximum pit depth, mean ratio of surface area, and mean area were sig-
nificant factors showing linear relationships with UTS. The MLR equation using these three significant
factors at a 85% confidence level showed considerable prediction performance for UTS. Determination
coefficient (R?) was 0.903 with training and test data sets. The yield strength ratio of 316L stainless steel
was found to be around 0.85. All specimens with a pit corrosion presented a yield ratio of approximately
0.85 with R? of 0.998. Therefore, pit corrosion did not affect the yield ratio.
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APPLICATION OF MULTIPLE LINEAR REGRESSION TO PREDICT MECHANICAL PROPERTIES OF 316L STAINLESS STEEL

WITH UNSPECIFIED PIT CORROSION
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Fig. 2. Parallel part of corroded specimens with pit
corrosion

RS I Aol AP MRS tehow,
Qb ASl9h AlRte] FNBFE FANEE Frbshe

32 QBB
Fig. 45 7} QA |9el ot $2.08% 24



KWANG-HU JUNG AND SEONG-JONG KIM

© (d)
Fig. 3. 3D profile of parallel part of corroded specimens in Fig. 2: (a) specimen 4, (b) specimen 7, (c) specimen 10, (d) specimen 22

Table 1. Results of pit measurement for tensile test specimens

No. A[EA] | B[mm’] | C[mm?] | D[mm?] | E[%] F G[%] | HI[%] 1[%] T [%]

0
(frec-corr) 0 0 0 0 0 0 0 0 0 0

1 79 0.03 0.37 0.11 11.23 3.62 0.56 29.6 7.11 18.47

2 195 0.00 0.09 0.04 5.83 243 0.15 17.11 5.84 10.51

3 53 0.34 233 0.80 11.69 248 4.94 1234 3533 27.13

4 68 0.02 0.38 0.09 11.96 4.05 0.43 25.82 5.13 19.86

5 27 1.24 6.12 1.58 34.91 8.23 9.29 165.1 35.63 81.12

6 95 0.24 1.78 0.45 2231 5.8 6.23 169.1 35.67 44.26

7 85 0.11 1.08 0.26 19.85 433 2.55 92.16 18.73 31.92

8 37 0.39 2.55 0.81 24.53 3.44 3.96 94.53 24.98 37.47

9 21 0.03 0.19 0.07 425 1.98 0.16 3.99 123 23.12

10 15 0.61 3.46 0.98 32.90 3.93 2.56 51.93 12.28 61.68

11 129 0.02 0.37 0.11 13.83 3.49 0.02 0.67 11.61 18.88

12 211 0.02 0.32 0.09 13.71 3.27 0.98 66.8 14.99 33.96

13 15 0.18 1.39 0.40 21.67 3.30 0.77 20.88 5.00 33.35

14 10 0.00 0.03 0.02 1.34 1.39 0.00 031 0.19 2.70

15 134 0.14 131 0.30 23.96 4.90 5.19 17580 | 33.41 42.03

16 94 0.28 2.13 0.66 20.31 437 7.22 20020 | 51.98 4225

17 193 0.01 0.22 0.07 10.32 3.40 0.53 42.24 10.80 15.67

18 23 0.04 0.51 0.19 10.07 2.82 0.26 11.8 3.71 14.97

19 175 0.02 0.28 0.10 10.25 2.98 0.73 49.81 14.44 15.24

20 15 0.90 3.78 1.40 23.57 2.46 3.75 56.75 17.45 38.78

21 39 0.04 0.57 0.12 15.10 4.88 0.40 22.19 3.84 26.09

22 24 1.41 7.08 2.45 25.33 3.24 9.41 170 49.00 33.41

Test 1 41 0.4 2.83 3.64 24.24 371 4.56 116 33.44 33.02

Test 2 58 0.42 2.84 3.57 32.51 4.15 6.79 164.9 4227 70.57

Test 3 17 0.52 2.94 3.97 2222 274 243 49.88 17.68 28.69

A: Total pit number, B: Mean pit volume, C: Mean surface area, D: Mean area, E: Mean pit depth, F: Mean ratio of surface area,
G: Total pits volume, H: Total surface area, I: Total area, J: Max. pit depth
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Table 2. Mechanical properties for tensile test specimens

Sample Condition UTS, MPa YS, MPa Elongation, %
0 Free-corr. 513.37 38.47
1 0.4V-2h 586.29 493.08 36.09
2 0.5V-0.5h 601.84 511.26 37.69
3 0.5V-2h 537.29 460.94 24.06
4 0.4V-2h 579.34 493.08 36.09
5 0.4V-12h 357.76 299.98 13.05
6 0.4V-6h 461.97 391.99 18.47
7 0.4V-6h 511.42 435.26 20.37
8 0.5V-6h 493.08 417.42 18.74
9 0.2V-12h 599.69 509.52 26.78
10 0.3V-12h 527.64 448.78 21.9
11 0.5V-2h 563.29 479.52 33.27
12 0.5V-4h 509.37 433.1 25.89
13 0.3V-6h 577.65 490.71 27.87
14 0.2V-24h 601.45 511.4 38.35
15 0.4V-12h 468.08 398.07 22.23
16 0.5V-12h 456.2 388.51 26.09
17 0.5V-1h 576.96 491.05 33.97
18 0.3V-2h 589.87 501.56 35.8
19 0.4V-1h 575.01 489.11 35.98
20 0.2V-12h 523.55 442.13 18.5
21 0.3V-4h 550.79 466.98 22.31
22 0.5V-6h 463.37 393.3 21.85
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Table 3. The result of ANOVA for regression equation

Source DF SS MS | F-value | P-value
Regression 4 82240.3120560.1| 72.03 | 0.000

D 1 676.6 | 676.6 | 237 | 0.141
F 1 802.7 | 802.7 | 2.81 0.111
G 1 10496.2110496.2| 63.77 | 0.000
J 1 16952 |1 1695.2 | 5.94 | 0.025

Error 18 5138.2 | 2855

Total 31 |87378.5
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Table 4. Validation of actual and predicted value. validation test conditions non-included in Table 2

Test UTS YS
No. Actual Predicted 95% CI 95% PI1 Actual Predicted
1 502.43 506.46 497.17 ~515.74 | 469.76 ~ 543.15 426.37 438.23
2 367.83 430.03 397.22 ~462.85 | 381,69 ~478.37 309.22 372.73
3 528.8 554.12 539.51 ~ 568.72 515.73 ~592.5 448.5 479.08
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