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Abstract : Flame cutting is often used to complete the process when the steel structures reach their service life or when need to
be disassembled due to the change of use function. Under the influence of flame cutting heat, the microstructure and
mechanical properties of the thermally cut surface will be changed. If the disassembled components by flame cutting
are used again, it is necessary to evaluate the local microstructure and mechanical properties after flame cutting. In
this study, after manual flame cutting and semi-automatic cutting machine flame cutting, the heat-affected zone width
and metallographic structure of domestically produced Q355B steel were observed and analyzed. Quantitative research
was also conducted on the mechanical properties of the base metal and the heat-affected zone. The results show that
the heat-affected zone width after manual flame cutting of 20mm thick Q3558 steel is approximately 3.4mm, while it
1s approximately 3mm after semi-automatic cutting. Both types of flame cutting have insignificant effects on the yield

strength and tensile strength of Q3558 steel. However, they can shorten or even eliminate the yield plateau of the
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stress-strain curve. The ductile-brittle transition temperature of the heat-affected zone of Q355B steel is almost

unaffected, with a slight reduction in the transition zone and a small increase in energy absorption of the upper and

lower platforms. The characteristic value of crack tip opening displacement (CTOD) remains essentially unchanged.

This indicates that the mechanical properties of steel after flame cutting do not significantly decrease, demonstrating

strong reusability. This study provides data support for the reuse of steel after flame cutting.
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Fig. 1 Schematic of steel plate cutting (unit: mm)
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Fig. 2 Schematic of specimen sampling (unit: mm)
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Fig. 4 Semi-automatic cutting machine flame cutting
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Fig.5 Macroscopic metallographic structure

observation

KD E S 0 BB A 12 2 il B 8 A4 K B i
3 S0 A 4 S T T K ORE BD R TR i XA S A 4
A A 3 D1 BL KOk DU A R DX R Oy
TSP B, 4 A3 1 b U0 0 D XA AR T X
YEJE  BARBUE ISR 1R o JRRJEE O 20 mm A Q355 HY#1
F T KIE VIR Wi X 5B 0 3.4 mm, 2 A ) UTEIHL K
U1 B X 58 3.0 mme PIAPUIE 7 T, U1

e A A 4 AR ) DX PR AR A/ (L B U0 R A A
X RE VA 22 S T LRI EI 2 2 R
W, TN ERAE 250 5 T 200 it , S 2O % m
PR 2 UIEIR I A OC, HARGE W X O A AN 2 AT 5 T
F 3 YT EIHL KO DI 64 35 5 5 1, AN (D) 31 T B
IAEE W) DX 5L PR 5 B/ NI Bl RS T B

®1 AEMXEERHE

Table 1 Width and its mean value of heat-affected zone
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Fig. 6 Schematic of static tensile test specimen

dimension(unit: mm)
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Table 2 Analysis parameters of test specimens
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Fig. 7 Shimadzu electronic universal testing machine
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Fig. 8 Static tensile testing process
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Fig. 9 Stress-strain curves of specimens
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Table 3 Static tensile test results
XA M1 M2 S1 S2 S3 S4 Bl B2 B3 B4
J& R 3% & /MPa 390.12 416.29 349.28 337.43 390.12 333.67 323.59 371.51 379.95 384.30
A2 5% E/MPa 542.83 552.62 546.60 545.50 542.83 440.66 544.53 557.08 559.78 571.26
x4 ARNEVEAXTRHNELRSF R WME 5PN
Table 4 Basic mechanical properties of steel under %5 SHIRMEESES
different flame cutting methods Table 5 Temperature points for three operating
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Fig. 10 Impact test specimen dimension (unit: mm)
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3.1.3 RIEHER K7 FIMETEAHFRBER
%7 Q355B A0, i IS M A8 4% T R 5N 5 A % N Table 7 Manual flame cutting steel impact test results
B s o A, B SR TR LR B HE AT B R I 25 T IR il 5 S . 54 /T &
N - PR N - N - 731 Im 5 o / Py
it 45 (9 0.28 T P8 488 45U AE B, TR AT IR — T A ] - F 34/
WS T BER IR 3E, Rk 6 £ 7K S-1 20 192.35
8HT/R S-2 20 190.23
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*Fo6 BEmiEiAIEER S-3 20 189.96
Table 6 Base material impact test results S-4 20 159.10
K B/ C 551 Jj’iﬁz’u 55 4 167.03
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182.04 S-8 —4 183.26
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40.79
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73.00
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Table 8 Semi-automatic cutting machine flame 160 |
cutting steel impact test results . 140
< 120F
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60 | -
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Fig. 13 Impact test fracture surface
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Table 9 Analysis of impact test results
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Fig. 15 Schematic of three-point bending test

specimen dimension(unit: mm)
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Fig. 16 Three-point bending test
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Fig. 17 Three-point bending test flow chart
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Table 11 CTOD values for three-point bending

specimens under three conditions
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