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A study on the variation of physical properties

of line heated classification DH32 thick plate steel
Jeong-Tae Kim' - Han-Shik Chung’ - Hyo-Min Jeong® - Kwang-Sung Lee'

80 2 AFoA = Adutel 3 &9 Fxo] TMCP AAle] AHE H9 ] 7teAdS AFstaA m=defol 7 9 TMCP
7 DH32 AA ZAel A371d 3 71AA 24 A EES AAISEe DNV AF 2 IACS 1149 F3 87 7eel A%
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o AZAFNA Ht T : 216, L : 27524 #7420 Hvl0 = 130 ~320 W2l W 33lc).
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Abstract: This study was performed to study the possibility of TMCP’s application for side shell plating curved structures through me-
chanical property testing to understand if the rules and regulations of DNV and the quality standard of IACS after line heating for
TMCP steel and normalizing DH32 material steel could be satisfied. Experimental results showed that TMCP’s strength was meas-
ured to YS = 385 MPa, 18% higher than the required 315 MPa and TS = 525 MPa, complying with the required range of between
440 and 570 MPa. The minus 20 degree impact test for the Charpy V-Notch complied with the required standard and in addition the
hardness test satisfied the requirement of 'Hv10 = 130 ~ 320' by reaching an average of T : 216 and L : 275 respectively.
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Figure 1: Lines Drawing of Fore Body structure

Figure 2+ A3
Template©] ™ %532
=% 7tE 9=

Al L—_%}E}O]Zg % TMCP 11]7‘%%% o]-§
BAE AHEBE AL

3l DH32
A7) 1115 x 1535 x 20mmE AH&-3}
Sk AA71E # Mill sheetol] A= AlHS] 7| A1F AL
wieol Aol A &g o] 320 MPao] L 17522
488 MPao|™ A& 29%°|th TMCP A= 554
] 409 MPa°]aL ¢17-8-2-& 509 MPao|t] A& 2

o} TMCP7 2] &4 Alojtdzt Aloj izt T3S
A& mAgletL ARE 24 o]&ate] Ao e

o} Q1S ARl HAFoln gAdo] S-Faith

Figure 2: Template for curved surface check
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Table 1: Chemical property of material

Chemical Material
(%) DH32-N DH32-TM
C 0.1543 0.16
Si 0.319 0.22
Mn 1.229 1.11
P 0.0082 0.017
S 0.0028 0.005
Cr 0.031 0.01
Ni 0.048 0.02
Cu 0.029 0.01
Mo 0.018 0
Nb 0.01 0
Ti 0.0099 0
\ 0.002 0
Sol-Al 0.03 0.028
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Table 2: Heating condition of experiments

Oxygen-Propane
Heat source
gas

Oxygen pressure of torch 421.7 kPa
Pressure of oxygen cylinder 912.0 kPa
Propane gas pressure of torch 58.8 kPa
Pressure of propane gas cylinder 147.0 kPa
Space of torch and plate 90 mm
Cooling method Water cooling
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Figure 3: Example of specimen preparation.(Sample case ID
no A: line-heated DH32-N same as B: DH32-TM)
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a a " Length of reduced area = 225mm

R~ [ — ay . Gauge length=200mm

b : As required by testing equipment
(Approximately 490mm)

¢ : Width of reduced area = 25mm

d:40 mm

R:25mm

T : Thickness of the plate

1

(a) Reduced section tensile test

A
L — a: 56mm +0, -2 5mm
Il :]:c b 10mm=0.075mm
d c: 10mm+0.075mm
R T d - 2mm+0.025mm
/ A 45010
I b R : 0.25mm+0.025mm

(b) Impact test

a: Heated Zone + approximately 20mm
b: approximately 15mm
T: Thickness of the plate

Heated Zone

i1

(¢) Macroetch and hardness test
Figure 4: Dimension of test specimens
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(b)Measuring location for hardness test
Figure 5: Measuring location for CVN and hardness test
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Table 3: C5 Mechanical properties for

steel.(Ref. DNV-OS-B101/IACS)[4][5]

high strength

Impact energy,
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(a) DH32-N-L-BM

(b) DH32-N-L-HAZ

(¢) DH32-TM-L-BM

(d) DH32-TM-L-HAZ
Figure 6: Electron microscope for test of base metal and

heated zone
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Figure 7: Tensile Properties of Normalizing and TMCP

EL [%]

k40

r 30

Strength - YS or TS [MPa]

r 20

r 10

0

Table 4= Mill sheetd] =
ANGAY HALSHA Ao}

LeRH AE

wteto] A3 TMCPZS]
2 gl AnE vulsle]

Table 4: Results for tensile test of DH32 normalizing steel

and TMCP steel.(20T, YS: >315, TS: 440~570, EL:
18%)[4]1[5]
Tensile test Manufacturing | Mill Prod. | Line heated
process (T. L/Avg.) | (T. L/Avg.)
Ys Normalizing 320 374
(MPa) TMCP 409 385
Ts Normalizing 488 502
(MPa) TMCP 509 525
Normalizin, 29 28
EL(%) TMCP £ 26 18
777
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Figure 8: Tensile comparative properties of before and after

line heating
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Figure 10: CVN Average impact test result of Normalizing
and TMCP steel
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Figure 12: Hardness test of Normalizing and TMCP
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