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This research studied the effect of peak temperature and cooling time of weld
thermal cycles on hardness and toughness of carbon ASTM A 516-70 steel. Specimens in
rolling and transverse rolling direction were prepared. The first experiment was single
weld thermal cycle simulation. The peak temperature (Tp) was at 1350°C and cooling
time from 800 to 500°C (At%) is 10 ,20, 40, and 80 seconds. The second experiment
was double thermal cycle simulation, which were divided into 3 parts; the first part was
Tp, = Tp, = 1350°C and At,, = 10, 20, 40 and 80 s. The second part was Tp, = 1350°C
and At%m =20s, Tp, =600, 750, 900 and 1350°C and At8,5(2) =10, 20, 40 and 80 s. The
third part was experiment for transverse rolled specimens simulation. The Tp, was 1350°C
and At,, was 20 s, and Tp, were 900 and 1350°C and At,,, were 10, 20, 40 and 80 s.

The results showed that by single weld thermal cycle simulation, the specimen
had the lower toughness than specimen before simulation, when Atg/5 = 10-20 s. The
major microstructure is Martensite. Increasing the cooling time, acicular ferrite structure
increases. The toughness does not increase, but hardness decreases. By double thermal
cycle simulation, it was found that the first cooling time did not affect to toughness, but at
the second peak temperature of 900°C, toughness increases. This is because
microstructure comprise of fine pearlite and acicular ferrite. The effect of rolling direction
was found when the second peak temperature was at 900°C. At this temperature the
sample.in transverse rolling direction had the lower toughness than the sample in rolling

direction.
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SQV-2A 0.19 0.24 1.48 < 0.01 < 0.01 0.62 0.56
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G. Spanos, RW. Fonda, R.A. Vandermeer Llaz A. Matuszeski * Anwnnaniailas
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b

HAMWNANAINITIN 2.4 TEn1sAne 1ddnansaanendnaestFnunsznuieusine AU

2.6 Tnednaeeipinsannfeuuansdagli 2.7 Ngnuugiigeqadlu 1400, 900, 750 waz

[ %

675°C uazldansniasiudailu 60°C/s Tunsiinemnannislimanudaunn (Low heat input

[

rate) warlddnsniaifiudodly 5°Cis lunsiundmanislimanudeuge (High heat input

rate)

A15199 2.4 daundnn1aaiaes HSLA-100 Al luntsfnsEnees G. Spanos wazAnue’

FAIUNANNINAN (%laetinmin)

[ %

40)
C Mn = S Si Cu Ni Cr Mo Al Nb

HSLA-100 0.07 0.80 | 0.012 | 0.004 | 0.37 1.61 3.49 0.57 0.58 | 0.023 | 0.028

1
Heat inpud
from welding arg

Fuson Zone

1.Tempered Region
2. Intercritical Region
3. Fine-grained Reaustenitized Region

4. Coarse-grained Reaustenitized Region
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Nazmul Alam, Druce Dunne &g Stuart Edeny6 ﬁ‘ﬂm@m@mﬁmmimm%ﬂq
RANIA BATAININTNUBILFIUNTZNUTAUIBY LHANNAT Nb-V LaZaNNa1 Nb-Mo 111m
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AN 2.5 AUNANNILARIAUUANNAT Nb-V Lz Nb-Mo®

-
L. AuNaxn1aAi (%lnaundin)
WANNAN

C Mn Si S P Ni Cr Mo Cu Al Ti Nb \ CE

Nb-V 0.08 | 1.43 | 0.25 | 0.001 | 0.014 | 0.096 | 0.015 | 0.003"| 0.18 | 0.029 | 0.011 | 0.036 | 0.034 | 0.347

Nb-Mo 0.07 | 1.62 | 0.33 | 0.001 | 0.019 | 0.028 | 0.029 | 0.22 | 0.009 | 0.031 | 0.013 | 0.058 | 0.003 | 0.393
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BN Ngegn uina

nauAea (Single cycle), °C

WAannan Nb-Mo

1330

[

gounnHgeqnluindnsaesnis (Double cycle), °C

WANNAT Nb-V

WAannNan Nb-Mo

1330 + 1330 1330 + 1330
1320 + 1130 1325 + 1120
1300 + 900 1345 + 900
1325 + 850 1350 + 850
1320 + 750 1350 + 750
Bead 2 A: 1350°C

B: 1350 + 750 'C

£: 1550 +850 'C

D: 1350 + 900 °C

Bead 1

E: 1350 + 1350 'C
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C AmeilAaiNqaniAfag Optical microscopy WazdAAMHNLTY AtAsziiiantinsas

WANAEILATEY Scanning Electron Microscopy (SEM)

AINNNINARBINLFIIAIAINHNUNTIGeAATINAGEL IHAZINATUANE U HEgean1ad])

AN7ANNFAUTALNADITEIING 850-950°C  TUIMANNANYNARITNA  LAZAIAINLNTIUR




15

Unnsznufaulumanndn No-Mo azfaandnlumanndn No-v #3giii 2.10 usimanuuds

2RUNANNAT Nb-Mo azgandn annan Nb-V fagilil 2.11

R B i B i e et ; :
m250 gmh \ LQ Q; E
2 N NN
8 200 —NNN
3"::150 S % % § :
NENINEN
- N NN
S 100 HERNEIN NN
g § \ . ]
- 50 \ : "§

B N

0 =
1st cycla 13504 1350 1350 1350 1350 1350
2ndeycle 0 1350 1130 900 850 150

Peak Temperaltures, "C

o

-dl 1 1 a v Adl o 1 a 6
gﬂ‘VI 2.10 AAMHLNTNABANLITLINTENLTALUNANARN Tmauﬂmum@mw_]uqmm

300 pw

260
220 Hpd#

180 [T

140

Hardnass Numbers, HV5

100 LER
i1stcycle 1350 1350 1350 1350 1350 _1350
2nd cycla 0 1350 1130 900 | 850 - 750

Peak Temperalures, 'C

317 2.11 ArpgnudaieatmasTuIIUNAIaasT N sEnUFaulas i sl ug U Nggn °



unin 3

28ALUUNNGIAEY
3.1 NISLATEANNITNANDY

3.1.1 alnsal

1) gunsaldlunisanasinisiies

1.1) ATR9ANa89NTTeN (Welding Simulator) inuEn?ilfiaanuien way

AILANSATINITLEIUAIT U

1.2) wreamanmesiuAiitla (Thermocouple Welding) Mwtinfidianse

1
a A

wafluAhTaiuTuanu iednaungianizanasinisides

< -8

1.3) waeswai (Plottor)  Mutiiiuanduaugnananduingazndng

1 12 1
o =

QUUYH FUAMINATIUIUEI1ABIN13 TN
2) gunsafildluniamagaunENRENg
2.1) LATINNAABLIAINLNT

& @ o
2.2) ATINARDUAIINLUILLLTDALIR
-~ ¥
3.1.2 NMSLAZANTUIIUNARDY

WMANLEW ASTM A516 1n3A 70 NIFIUNITARNHTIUIAAINULN 13.1 mm NAY

130 mm €19 600 mm IAEILFTUNTUINUNARDIAIT RS 1T

1) AAWNWANTUTWIUEREAUIA 13x13 mm 819 120 mm IpasnauiaA L-S

o

1 v v v
(mngﬂﬁ 3:1) A UTUINHIVIBUUINITTA BAZATNRA T-L A195UT W uA9annwuan1gse

2) 1FTUNNN TN U IR AUTUINURAUNGR 12.5%12.5 mm AQEILATAIHARY

o

3) Frdusuutiaduauin 12.5x12.5 mm 219 60 mm 1ANzgriaing U aduNIY

AUENAI 3 mm

[

4) FAANANNINTY  HAZANNLILLLTEANATEITINNY AN INAAUANABINIT

=
NilQEN
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5) AIIARAUAIULANN AN AQELATES  Emission spectrometer  LLAZATIARDL

[ 4 1
TA99ai199a01ATIIUNEUAABINTTEN

/

Direction
of
rolling

= o 2 = < o A
g‘ﬂi’] 3.1 ANMUZTINILNAAALIUIULUINITTIA LAYAIRINUWINITTAN 1 11

N33R BINIT LT AN
3.2 AUABUNITNARAY

3.2.1 TUABUNITINABINFTLTAN

3.2.1.1 NISVARRIN 1 [ANRBAINIFLTANLLUSALLALY AINTUBUINY

PYUNULAZAIRINBUINIFIA

1) AIABNNIT A NT UL A AA LTSI R LA 921N LWIN1TTA ANINaNT
v o dl [ % v v O a O = al
AINNFTBUANTLIN 3.2 BRIINNTIIANINTRY 34°C/s gruunigegm 1350°C lwnan 10 U9

=
UInN

Pe))

nansLiiusia (At,,) 10

2) inadumeun 1 A, wiaed {20 40,80 3un?l aruaumiwaun 4

P3N 3.1

AN9199 3.1 ATUAUTUINU NANNIZANAANANITANA S UANHINATAIFALNITIT AN LALIN

ArUNNANgA 1350°C

fAneTua wanfiusia At,, (3und)

NARDL 10 20 40 80
PWNUNNTIA 3 3 3 3
Fsannnsan 3 3 3 3
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ANNKNTN 25°C

AN ANLTY (HRC)
z V) . AN
T TN - — — )
TP (°C) | Atyy®) | v 5| v 5| 2 4 44 T 1 T 2 Tui 3 ui
U TUN | TUN | TUN HRREN —— PR ” . o
o Tapsan Jansan Jansah Laae
1 2 3 | 25°C() g - -
1 2 3 4 5 Laae 1 2 3 4 5 A 1 2 3 4 5 A
10 8 21 28 16.00 48 46 46 44 43 45.33 32 38 36 37 38 37.00 34 33 35 32 32 33.00 38.44
AU
20 10 1M 10 10.33 37 36 35 35 37 36.00 39 36 36 34 32 35.33 37 42 44 44 48 43.33 38.22
n1g 1350
- 40 15 16 35 22.00 35 34 34 33 33 33.67 26 33 34 35 34 33.37 37 36 38 36 38 37.00 34.78
70
80 13 10 33 18.67 17 22 27 27 25 24.67 29 29 30 29 31 29.33 30 31 32 32 29 31.00 28.33
Y 10 15 10 12 1233 | 34 | 37 35 35 34 | 3467 | 32 36 39 40 41 3833 | 32 33 33 35 30 | 3267 | 3522
A9RIN
20 7 7 8 733 | 43 | 41 40 44 43 | 4233 | 46 47 50 47 44 | 4667 | 48 51 50 50 52 | 50.33 | 46.44
A3 1350
- 40 14 12 12 12.67 33 34 35 37 32 34.00 32 33 33 34 31 32.67 34 35 37 36 37 36.00 34.22
0
80 20 22 28 23.33 | 31 33 33 31 28 | 3167 | 32 33 32 30 33 | 3233 | 28 29 30 26 30 | 29.00 | 31.00
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ANLNTIN 257C (J) , AHLIS (HRC)
A A AT [RMEN
Tp Tp t t 44 T 3 g T 3 «
1 : oe 85 T R IR TG TN 1 Jun 2 Jun 3 N
o) | Co| 6 (s) | Tun | Fun | Tuh . — —— —— g
25°C ARAINN ANATIN ARATIN LN
1 2 3 : : :
) 1 2 3 4 5 1aae 1 R 3 4 5 19ae 1 2 3 4 5 LA
10 12 10 12 | 1133 | 51 | 51 | 50 | 49 | 53 | 5067 | 52 | 53 | 53 | 54 | 51 | 5267 | 53 | 53 | 54 | 55 | 50 | 53.33 | 52.22
20 12 17 12 | 1367 | 42 | 44 | 45 | 47 | 48 | 4533 | 31 | 36 | 39 | 40 | 40 | 3833 | 53 | 52 | 46 | 41 | 40 | 46.33 | 43.33
1350 | 1350 10
40 11 16 12 | 13.00 | 51 | 52 | 54 | 52 | 50 | 5167 | 35 | 35 | 35 | 34 | 36 | 3500 | 41 | 41 | 40 | 39 | 42 | 4067 | 4244
80 10 28 34 | 2400 | 53 | 54 | 53 | 50 | 53 | 5333 | 35 | 35 | 32 | 33 | 33 | 3367 | 34 | 32 | 33 | 30 | 35 | 33.00 | 40.00
10 9 10 12 | 1033 | 47 | 54 | 52 | 52| 53 | 5233 | 51 | 50 | 50 | 50 | 51 | 50.33 | 41 | 49 | 52 | 54 | 56 | 51.67 | 51.44
20 16 14 9 1300 | 42 | 42 | 42 | 42 | 46 | 4200 | 45 | 45 | 48 | 47 | 47 | 4667 | 51 | 52 | 53 | 52 | 52 | 52.00 | 46.89
1350 | 1350 | 20
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1350 | 1350 | 40
40 18 12 11 1367 | 37 | 39 | 391 40 |38 | 3867 | 44 |45 | 44 | 43 | 43 | 4367 | 48 | 48 | 39 | 47 | 45 | 46.67 | 43.00
80 21 40 23 | 28.00 | 24 |30 | 29 | 29 | 26 | 2800 | 32 | 35 | 32 | 33 | 32 | 3233 | 26 | 29 | 30 | 29 | 30 | 29.33 | 29.89
10 18 9 12 | 13.00 | 41 | 42 | 39 | 42 | 39 | 4067 | 48 | 51 | 52 | 52 | 52 | 51.67 | 44 | 45 | 46 | 43 | 46 | 45.00 | 4578
20 24 10 12 |-1533[ 35 |41 | 42| 43.| 45 | 42,00 | 46| 50 | 52| 54| 53| 5167 | 51 | 50 | 50 | 50 | 47 | 50.00 | 47.89
1350 | 1350 | 80
40 12 16 21 1633 | 42 |43 | 40 | 38 |37 | 4000 | 35 | 36 | 36| 37 | 35 | 3567 | 34 | 35 | 34 | 31 | 35 | 34.33 | 3667
80 24 16 15 | 1833 | 32 | 31 | 31 | 32 | 18 | 3133 | 40 | 41 | 41 | 42 |38 | 4067 | 30 | 33 | 33 | 31 | 32 | 32.00 | 3467
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25°C AR TIN ARATIN AATIN LN
1 2 3 . : :
) 1 2 3 4 5 Bae 1 2 3 4 5 L9ae 1 2 3 4 5 L9ae
10 55 78 25 5267 | 23 | 26 | 28 | 28 | 29 | 2733 | 44 | 36 | 34 | 35 | 37 | 36.00 | 46 | 40 | 37 | 40 | 41 | 4033 | 3455
20 30 31 121 | 6067 | 43 | 42 | 42 | 42 | 44 | 4233 | 36 | 35 | 35 | 32 | 33 | 3433 | 33 | 31 | 25 | 28 | 31 | 3000 | 3555
1350 | 900 20
40 107 | 109 | 142 | 11933 | 34 | 37 | 36 | 36 | 37 | 3633 | 27 | 28 | 25 | 26 | 28 | 2700 | 15 | 25 | 25 | 21 | 23 | 23.00 | 28.77
80 165 | 106 | 162 | 14433 | 23 | 29 | 27 | 25 | 25 | 2567 | 22 | 24 | 21 | 23 | 24 | 2300 | 22 | 22 | 23 | 30 | 24 | 23.00 | 23.89
10 14 13 22 16.33 | 30 | 29 | 30 | 29 | 23 | 2933 | 35 | 36 | 36 | 39 | 42 | 37.00 | 27 | 31 |32 | 34 | 34 | 3233 | 32.88
20 36 44 28 3600 | 27 | 28 |24 | 18 | 23 | 3467 | 29 | 30 | 32| 29 | 31 | 3000 | 27 | 26 | 14 | 25 | 29 | 26.00 | 26.89
1350 | 750 20
40 40 97 | 139 | 92.00| 32 | 30 | 33 | 34| 33.[ 3267 | 30 | 32| 33| 32 | 32 | 3200 | 26 | 30 | 30 | 31 | 32 | 3033 | 3167
80 60 22 74 5200 | 327 31 | 33 | 327 31| 3167 | 21| 28| 31 | 31} 32 | 3000 | 20 | 25 | 26 | 28 | 22 | 24.33 | 2867
10 39 41 41 4033 | 26 30| 32 | 32 | 30 ["3067 |31 |30 | 30| 33 |30 | 3033 | 36 | 35 | 36 | 37 | 37 | 3633 | 32.44
20 34 42 50 42.00 | 38 | 39 | 38 | 38 | 38 | 3800 | 29 | 32 | 34 | 35 | 34 | 3333 | 29 | 25 | 22 | 20 | 25 | 24.00 | 31.78
1350 | 600 20
40 59 56 97 7067 | 35 | 38| 35 | 36 | 33| 3533 | 35 | 34 | 35 | 35 | 35 | 3500 | 25 | 30 | 32 | 30 | 29 | 2967 | 33.33
80 35 41 54 4333 | 26 | 28 | 29 | 32 | 27 | 28.00 | 29 | 32 | 31 | 33 | 29 | 3067 | 18 | 33 | 34 | 31 | 34 | 3267 | 3044
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Ao AN B
AANHILNTIN 25°C (J) . AN (HRC)
A A N AN
Tp Tp t t 4 d = 3 T3 G
851 R RO VR I T GL Fi 1 T 2 TIun 3 i
°c) | (°c) (s) (s) Iun | TIuR | Tud . - — ——— ——— ;
25°C JanTai JanFah JanFan Laae
1 2 3 - - -
) 1 2 3 4 5 12ae 1 2 3 4 5 Laae 1 2 3 4 5 Laae
10 12 12 12 12.00 | 48 51 51 50 et 50.67 46 49 48 49 49 48.67 48 49 50 50 50 49.67 49.67
20 12 13 12 12.33 | 45 47 45 44 44 44 .67 45 46 44 45 45 45.00 42 43 42 40 40 41.33 43.67
1350 | 1350 20
40 17 11 24 1733 | 34 | 34 | 33 | 35 | 34 | 3400 | 38 | 41 | 40 | 44 | 45 | 4167 | 32 | 33 | 33 | 32 | 33 | 3267 | 36.11
80 12 28 15 18.33 32 35 33 35 55 34.33 32 34 33 34 35 33.67 21 28 31 33 31 30.00 32.67
10 32 106 29 55.67 | 40 39 39 39 39 39.00 32 34 33 33 34 33.33 42 43 | 41 43 42 42.33 38.22
20 44 61 120 75.00 | 42 40 34 35 33 36.33 36 36 36 35 33 35.67 33 33 34 33 31 33.00 35.00
1350 900 20
40 103 | 67 118 96.00 | 23 | 28 | 22 | 22| 24 | 2300 | 28 | 28 | 29 | 30 | 28 | 2833 | 28 | 29 | 31 | 30 | 27 | 29.00 | 26.78
80 115 109 13 112.33 26 29 29 27 30 28.33 30 30 29 28 25 29.00 32 29 31 29 27 29.67 29.00
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() At oy =10's, X200 },; (1) At gy = 20 5, X2008

(P) At 4y, =405, X200 () At 42, =80 s, x200
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(A) At ., =408, x200 () At = 80 s, x200
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nadiensaug Tp, = Tp, =1350 ° C, At,,, = 20s
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(n) At gy =108, %200 () At 44, = 20 s, X200

(R) At 0, =40's, %200 (9) At 45 = 80 5, X200
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(n) At ggp) =10 s, X200 3 () At g5 = 20 s, X200

(P) At 4, =40 s, X200 (9) At 4, = 80 s, x200
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)

(M) At g, =108,X500 (1) At 3o = 20 5, X500

(R) At ;5 =40 5, X500 (9) At 4o = 80 5, X500
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(P) At 45, =40 s, X200 () At 4o = 80 s, X200
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(1) At 4 = 20's, X200

(P) At g0 40 s, x200 (9) At = 80's, x200
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(P) Aty =40]s] x200 (At 4 = 80 s, x200
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(P) At ga0, =40 3, X500 (9) At 4o = 80 s, X500
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