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1. What is Weld Metal, Heat Affected Zone (HAZ) and Base Metal of low carbon

steels welded by arc welding; explain the differences in temperature and

microstructure of each zone?

1'" .., IS' •• , 'II.I.J'2. ';).,'1~f11111\nntl'!JEJ.,'I~'VfYl'Yll.,'1L'Ylfl'U.f1~EJ LU'U.
" ,•••• lVA OCL#'I d

2.1 Carbon Equivalent Vf'jEJlI'Yl.,'lEJliUlt1f11111~1f1qj~EJnT'H"1l'EJlI

2.2 CCT diagram LLGl~1,xEJTIult1m"jlJ"j~t1n~1i CCT diagram nu HAZ
q

3. 1'U.m"jL~EJlI~EJ"1l''U.L~~nn~lLL''j.,'l~.,'I~.,'I(:..I~1I~1 (High Strength Low Alloy Steels) "1l'it~
'IJ

'VIii.,'l1~ t1n"j"j1l1TI SMAW ~1 t1Gl1~L~mJ"1l'it~ Ln l~"jL,;)'U.~l L'VI~nn~l LL"j.,'l~.,'I~.,'Iiibf1'U.(:..I~1I
'IJ

C = 0.15%, Si = 0.5%, Mn = 1%, Cu= 0.25%, Ni=0.8%, Cr =1%, Mo =0.5%

1~t1~L~~nn~lLL"j.,'l~.,'I~.,'I"1l'it~diifl1111'V1'U.1 = 20mm LLGl~iim"j~"j1,;)1~Ln l~"jL,;)'U.,;)ln
'IJ

.of d 'II '"
L'U.EJL"1l'EJlIL~ = 4 ml/100g

3.1 1,xfl1111'V11!1 m 'VI~nmfl LL"j.,'l~.,'I~.,'I(:..I~1I~lLLGl~er~"jlbf1'U..J1'V1Un (Weight ratio)
'IJ

3.2 1,x'VI1~h Cracking Parameter (Pc)

3.3 1,x'VI1~1 EJnt'VIll ii1 'U.m"j Preheat :B'U..,'Il'U.rlEJ'U.L~EJlI
q 'IJ

, ,
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4. m"jL"1l'EJlIL'VIGlnnGllL,;)EJ~1'Yl'U.EJnt'VI1l1l~.,'I(Heat Resistant low alloy steels 'VI"jEJCr-Mo
q 'IJ 'IJ

steels)

4.1 1,xUEJn';)~lJ"j~~.,'ITf'!J EJ.,'Im"jL~eJnliL 'VI~nmf1lJ"j~Lll'Yldl 'U.'Yll.,'11~1n"j"jllEJ cll.,'1,zEJtI 2
q

,)EJ
4.2 ';)~lJ"j~~.,'ITf'!J EJ.,'Im"j1,xfl11111EJ'U.rl EJ'U.L~EJ1I'!JEJ.,'IL'VI~nmfl L~ EJ~l'Yl'U.EJnt'VIll ii~.,'I ~ EJ

q q 'IJ 'IJ

EJ~h
4.3 'l'h LlI~ EJ.,'Il'11

,
" •... A 0 A

PWHT (Post Weld Heat Treatment) L'VIGlnnGllL,;)EJ~l'Yl'U.EJnt'VIllll
q 'IJ

.., d
~.,'I1l1 t1'V1Gl.,'lm"jL"1l'Elll
'IJ

4.4 ';)In,) EllIGl'!JEl.,'l~1~ L~Elll~ LL'U.U1!1 1,x'l'h'U.u Eln"jl t1Gl~L~t1~'!JEl.,'lm"jL ~EJm 'VI~nmfl
'IJ

(:..I~lI 1.25%Cr-0.5%Mo l,x1!1n~~~
q

,
5. m"jL~EJm'VI~nn~l~L~'U.LGl~

5.1 ElTIUlt1m"jLn~ weld decay 'VI1El intergranular corrosion l'U.m"jL~Elll austenitic

stainless steels

5.2 ';)In,)EJ 5.1 ,;)~~11!1"jniJEl.,'ln'U.L~Elcll.,'1L"j
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(Sensitized zone) LLfl:: Solid solution zone "lJeJ-:JU'H1 rn 'Y13J~fln'j::'Y1lJ LUeJ-:J';]1n

fl113J1eJU

6. 1um1L ~eJ3J m~nn~1~1-:J"15ii~nwj::W)1-:J L'VI~nn~1 ~~3J~11i-:J1ueJrn'VI113j~-:J ~-:J~
~ 'II 'II

I .d ~ ~

~1U~~3J'Y11-:JLfl3J C= 0.15%, Si= 0.60%, Mn= 0.94% Cr=1.25%, Mo 0.5% nlJL'VIfln

~L~ULfl~Ln1~ 304 ~~1U~~3J'Y11-:JLfl~ C=0.08%, Si= 1.00%, Mn=2.00%,
, ,

t 'l "" A Qll=:I I ACr=19.00%, Ni 8.50% ~EJ b"15fl1~L"15eJ3J'Y13J~1U~~3J'Y11-:JLfl3JC=0.03%,

Si=0.60%, Mn=1.50%, Cr=23.13%, Ni=12.50% (1i diagram "lJeJ-:Jschaeffler ~LLUlJ

3J1~1EJU1::neJlJ~1~eJlJ)

6.1 1i'VI1Th Creq LLfl:: Nieq "lJeJ-:JL'VI~nn~1~~3J~11i-:J1UeJrn'VI113j~-:J "lJeJ-:JL'VI~n~LCilU
~ 'II 'II

d
Lfl~Ln1Cil 304 LLfl::"lJeJ-:Jfl1CilL"15eJ3J

6.2 1i'VI1~1LL'VI'ii-:J "lJeJ-:Jtfl1-:J~11-:J~~'Y11EJ'VIK-:J,;]1nm1L~eJ3J (1i dilution "lJeJ-:Jfl1~L~eJ3J~

7. 1um1L~eJ3J Friction Stir Welding m~3jLitEJ3J~~3J 1ieJTIlJ1EJfl113Ji3J~ui1::W)1-:J ~1
'II

LLU1m1L ~eJ3J tfl1-:J~f1-:JLLU1L~eJ3J LLfl::~3JuGi'Y11-:Jnfl

8. 1ilJ eJn ~-:JlJm"fieJ-:J 1um1L ~eJ3J LLfl::Kn~rn::"lJ eJ-:J~-:JlJnvdeJ-:J~'Yhu 1in,;]1nll1~-n1-:J ~1-:J 5
'II

"15ii~ ~1eJ3J~-:Jlrr NDT ~L 'VI3J1::~3J1um1Cil11,;]~eJlJ~-:JlJn~1eJ-:J"15ii~,fu



This question only for Master degree students

9. Weldability

9.1 What is the relationship between Cooling rate and Heat Input?

9.2 What is the relationship between Cooling rate and Microstructure in HAZ of

high strength steel?

9.2 Calculate Ceq of high strength steel in question 3?

(Ceq= C+1/6Mn+1/24Si+ 1/40Ni+1/5Cr+1/4Mo+1/14V)



CMA-96
CMA-96MB

JIS Z3223 DT2316
AWS A5.5 E8016-B2
JIS Z3223 DT2316
AWS A5.5 E8016-B2

Applications:
Shielded metal arc welding of ASTM A387Gr.11 steel used for fossile power plant,
petrochemical and oil refinery plants.

Characteristics on usage:
CMA-96 and CMA-96MB are low hydrogen type electrodes for all-position welding
which provide the weld metal of ·1.25%Cr-0.5%Mo.

CMA-96 The alloy elements are supplied from the core rod.
CMA-96MB : The weld metal shows lower tensile strength and higher

notch toughness, and the alloy elements are supplied from the
core rod.

Notes on usage:
(1) Preheating and interpass temperatures: 150 to 300°C.

(2) Postweld heat treatment temperatures: 650 to 700°C.

Product name C Si Mn P S Cr Mo
CMA-96 0.07 0.43 0.81 0.008 0.004 1.31 0.54

CMA-96MB 0.06 0.51 0.74 0.007 0.003 1.30 0.48

Product name IT 0.2% OS TS EI IV PWHT(OC) N/mr~2 (kaf/mm2) N/mm2 (kaf/mm2) % J (kaf-m)

CMA-96 RT 570 (58) 650 (66) 26 210 (21) 690°C x 1 hr
450 460 (47) 520 (53) 21 -

CMA-96MB
RT 490 (50) 590 (60) 30 200 (20)*1

690°C x 1 hr
455 360 (37) 450 (46) 24 170 (17)*2

Typical creep rupture strength

Product name 550°C x 1OO0hr
CMA-96 180 N/mm2 (18 kgf/mm2)

PWHT
690°C x 8 hr

Dia. (mm) 2.6 3.2 4.0 5.0 6.0
L (mm) 300 350 400 400 400

F
CMA-96

55-85 80-120 125-175 185-235 240-300
Amp CMA-96MB

CMA-96
V&OH 50-80 75-110 100-160 - -

CMA-96MB
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