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Microstructure and Mechanical Properties of Heavy
Thickness Steel DH36-7Z35 Welded Joint Without Back Chipping
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[Abstract] Semi-automatic gas metal arc bottom welding (CHW50C6SM welding wire) + automatic
submerged arc fill and cover welding were used to butt flat welding of normalized marine engineering steel
DH36-7Z35 with 60 mm thickness. The microstructure and mechanical properties of welded joint without back
chipping were investigated. The results showed that the weld zone of joint was mainly composed of
proeutectoid ferrite and acicular ferrite. The coarse-grained heat affect zone was composed of lath bainite and
granular bainite, and the fine-grained zone was composed of ferrite and pearlite. The strength, plasticity and
impact toughness at —20°C of the joint without back chipping were equivalent to the joint with back chipping,
all of which met the requirements of relevant standards, and the bottom layer welding without back chipping
technology can be canceled to reduce production costs.
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Table 1 Chemical composition of DH36-Z35 wt%

Elements C Mn Si \% Al Nb Ti P S Fe

Content 0.14 1.51 0.4 0.057 0.028 0.02 0.014 0.015 0.007 Allowance

% 2 DH36-735 2 1EE
Table 2 Mechanical properties of DH36-735

Material grades R.y/MPa R, /MPa  A/% Agy,/] (—20°C)

DH36-Z35 438 535 21 205

x3 BRELEHRS

Table 3 Chemical composition of welding wire wt %

Material
ateria C Mn S P S Ni Cr Cu Fe
grades

CHW50C6SM 0.075 1.45 0.88 0.015 0.013 0.021 0.02 0.2 Allow-
CHWS3  0.076 1.58 0.05 0.013 0.011 0.0l 0.0l 0.04 ance
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Fig. 1 Welding groove diagram
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Table 4 Welding parameters of BZ-WPS-1

. Weld Welding Heat
Welding passes/  Current/ Voltage/ .
speed/ imput/
process Weld A% A o .
(mmemin ) (KJeecm )
layers
2(root) 33 720 360 39.6
SAW 3 (filh 33 760 380 39.6
4 (cap) 33 650 410 31. 39
GMAW 1 (seal) 33.5 380 340 22.47
27 (root) 29 710 410 30. 13
SAW 27 (flD 32 740 390 36. 43
37 (cap) 33 680 400 33.66

JELFTR B T 100 mm Y8 FB PN 2k 45 Ll T 45
A, [ SR AR GMAW FTRM 1230 138,
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Fig. 2 Tensile test stress and strain curves
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Table S Results of tensile tests
Test plate R,/ MPa R .. /MPa Yield-to-strength ratio A/ % )
Sample No. Break location
No. Mean Mean Mean Mean
1-1 435 556 0.78 36.5
1-2 421 545 0.77 36.5
1 435 552 0.79 36 base metal
1-3 458 555 0. 83 35
1-4 427 550 0.78 36
2-1 451 559 0. 81 38.5
2-2 441 559 0.79 34.5
2 446 563 0.79 36. 4 base metal
2-3 443 565 0.78 35.5
2-4 450 567 0.79 37
o EBEABESHIAKEER
Table 6 Results of bending tests
Test plate No. Sample No. Thickness/mm Bend head diameter/mm o/ (%) Note
1-1 48 (standard value) 180
1-2 48 180 ,
No opening defects
1 1-3 10 40 180
Upper 1-4 40(standard value) 180
Bottom 1-4 30 180 1 opening defect, 1. 1 mm
2-1 48 (standard value) 180 1 opening defect with, 1.2 mm
2-2 40 180
2 2-3 10 10 180 _
No opening defects
Upper 2-4 40(standard value) 180
Bottom 2-4 30 180

Note: The welded joint was equally divided into 2 bending samples along the thickness direction, marked upper and bottom respectively; (2)

Standard value of bend head diameter was the value specified in the relevant standard.
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Table 7 Results of impact tests
Agye/(—20 °Ce]™H

Test Sample Notch

Notch position

plate No. No. depth/mm Mean
1-1 Upper weld 37
1-2 Middle weld 161 112
1-3 Bottom weld 139
! 14 2 Upper HAZ 128
1-5 Middle HAZ 256 211
1-6 Bottom HAZ 248
2-1 Upper weld 135
2-2 Middle weld 91 115
2-3 Bottom weld 119
: 2-4 2 Upper HAZ 173
2-5 Middle HAZ 240 219
2-6 Bottom HAZ 244
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Fig. 3 SEM images of tensile fracture (a) 17 ; (b) 27
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Fig.4 SEM images of impact fracture at —20 “C weld zone (a) 17 and (b) 27 ; HAZ (¢) 1% and (d) 27



543 T 2 W)

KOG RIZE DH36-235 BT A5 HUR 2 e Sk O 4L 215 T~k e

+ 233 -

I 5Co) () AT A, B sE 1 48 2l PFLAF. il i
ZKEFE R FSP A M-A 41 o # B. MBET 55 12 T
T REGEAT R 2 AR B ) I B AR L X R T
KIEJE 22 2 GE D K52 8] 124 A1 IE Sk 28 4d 23 ok A5 J 1K
TG H B B, PF ORI FSP AH A8 6 B A 5, A )

150 pm

w0 AF A S R K, B A AR, B LS
Ce) (DR[HL, 17 F1 27 T JR J2 K7 4% 4 /) %5 il 2k R
K FFAF # R, —FFF LB 25 . L4 B
5L RE TR AR T MR 5 3 AR X AR 4% B A 26 R
R IINSEA P NN

B 5 MAEMMALNERR (0 17 FM) 27 7R (0 17 MWD 27 4TKE (o 17 fiD 27

Fig.5 Microstructure of weld zone cover welding layer (a) 17 and (b) 27 ; fill welding layer

(o) 1% and (d) 2% ;bottom welding layer (¢) 17 and () 27
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Fig. 6 Microstructure of CGHAZ (a) 17 ; (b) 27
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