ESTUDO DA ZAC

TRINCAS DE REAQUECIMENTO
DECOESAO LAMELAR

- S. Kou / Cap. 17 Transformation-Hardening Materials:
Carbon and Alloy Steels
-Bailey / Cap. 4 e 6 Lamellar Tearing e Reheat Cracking

- Mestrados de Yasunobu Aihara e Alaor R. Amaral / Posmec
- Artigos diversos ( Hornbogen e Kreye, Tenckhoff etc)
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TABLE 17.1 Typical Welding Problems and Practical Solotion in Carbon and

Alloy Steels, and Their Locations in the Text

_7

_7

Tvpacal Problems Alloy Types Sodutions Locations
Porasity Carbon and low- Add decexidizers (AL T 32
alloy steels Mmn) in filler metal 33
Hydrogen cracking Steels with high Use low-hydrogen or 32
carbon equivalent austenitic stamless 174
steel electrodes
Preheat and postheat
Lamellar tearing Carbon and low- Use joint designs that 17.6
alloy steels minimize transverss
restrain
Butter with a softer
layer
Eeheat cracking Corrosion and heat-  Use low heat input® to 175
resisting steels avoad grain growth
Minimize restraint and
stress concentrations
Heat rapadly through
critical temperature
range, if possible
Solidification cracking Carbon and low- Keep proper Mn/S 114
alloy steels ration
Low HAY toughness  Carbon and low- Use carbade and nitride 17.2
due to grain growth alloy steels formers to suppress 17.3
grain growth
Use low heat input®
Low fusion-zone Carbon and low- Crain refining T.6
toughness due to alloy steels Use multipass welding 17.2

coarse colummnar
grains

to refine grains

S. Kou




Microstructure of a lamellar-tearing Lamellar tearing near a C—Mn steel weld.
susceptible steel.
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Decoesao Lamelar

Approx. direction of applied stress Long horizontal

regions
Final linking to take place by G S
ductile shear in this region - ‘
=< s’r\\
/ .\
—— ‘T:“ / 3 i
\ ™~ s 5
e \ / w; Near vertical ductile
_—N shear regions
Decohesion atinclusions ahead O
of main crack front Direction of crack propagation

-t
Schematic diagram of a lamellar tear illustrating principal features

Ductile shear region involving a few
small inclusions (~ 5 um) and higher
energy to cause final rupture

- Large planar (> 50 um) inclusions giving
easy decohesion and requiring low
energy for formation of horizontal
region

Closely spaced smaller (~ 10 um) inclusions:
also giving easy decohesion and requiring
low energy for formation of horizontal
region

Detail of a portion of a lamellar tear




Decoesao Lamelar

S >0.01% ....provavel
S <0,01% ...baixo risco

S ~0,003% ...sem risco

MnK, SiK,,

MnK,,+FeK,

Counts ——»
Counts ———»

SK,,

MnK+ FeK,,
FeKpg

Inclusdes tipicas associadas com decoeséao lamelar e
espectro de EDS

a) Tipo |l MnS b) silicato complexo
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Decoesao Lamelar

Influéncia do teor de S no aco base
sobre a estriccdo em z

a) Chapa com espessura < 12,5 mm

b) Espessura 12,5 a 50 mm



STRA %
A
20 :
Some risk in most
highly restrained
situations,
e.g. nozzle
15 :
Some risk in
moderately restrained
situations,
e.g. box fabrications
]
N >
Some risk in
lightly restrained
T-joints,
e.g. web/flange joint

Risco de decoesao lamelar em funcao da estriccao em z

Decoesao Lamelar



Decoesao Lamelar

DECOESAQO LAMELAR
RECOMENDACOES PARA SELECAO DA CLASSE DE ACO (SEL096)

RDL Grau de Estricdo em Z
Qualidade Média Minimo
até 10 - - _
11a20 1 15 10
21a 30 2 25 15
>30 3 35 25

RDL = INF (A) + INF (B) +

RISCO DE DECOESAO LAMELAR

........... + INF (E)



Fator de influéncia € INF D

Espessura a, <10 mm 3
efetivo do 10 < ay < 20 mm s|ca>
cordfo. 20 < a, < 30 mm Q|C32

30 < ay < 40 mm i2

a_ (1> 40 < a_ < S0 mm 1

D D
Configura- -26
G3o da
Jjunta.
-10
-8
(o]
3
¥ s
JL NG, .ﬂl&
s O
; 2
[C:} S 8
=S —al S

Espessura s <10 mm 2
da chapa 10< s <20 mm 4
solicitada 20 < s < 30 mm 6|C(3
na diregs3o 30 < s £ 40 mm 8
da espes- 40 < s =< 80 mm 10
sura. S0 < s =< 60 mm i2

- g - .

Condi ¢Ses Baixo: - Possibilidade de livre contragSo
de restri- ex: Junta em T. o]
G8o. Médio: - RestrigSo parcial a contragdo

ex: Junta cruciforme. 3
Alto: - Alta restrigSo a contragio
ex: Junta nodal. 8
Preéaque- Sem préaquecimento o
cimento.

Préaquecimento acima de 100 *C

-8
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Decoesao Lamelar

(a) (b)

Juntas soldadas
susceptiveis



Decoesao Lamelar

'/Cnvcal joints

| Cylindrical
| vessel

Circumferential Rigid end
stiffener (a)

Juntas soldadas
(b) susceptiveis

Critical joints

Radial stiffeners

Lamellar tear




Solugdes de Projeto

Lamefllar tearing

No tearing

ol

(a)

(B)

Lamellar tearing of a corner joint:

(a) improper design; (b) improved design.

Decoesao Lamelar




Decoesao Lamelar

2 ;
,/~ is 2N |
(a) (b) ]/ g \\L

Juntas em T filete (a) menos \ S B

susceptiveis que de topo (b) | ok R |




Risco reduzido por:

a) Amanteigamento

b) Remocao de material
susceptivel e amanteigando

c) Amanteigamento in situ

d) Balanceando sequéncia de
soldagem quando decoesao
provém de raiz de solda
original do tipo (c).
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_ Friction welded
extension stubs

Plate material

¢ )

> = 6.4 mm diameter
Plate
| thickness

(n N

Final short transverse
tensile specimen

L

Ensaio Indireto

Tracao p/ estriccéo-z

Decoesao Lamelar

Loading

' - Jack

Space for

UTS Testing
I . Y Restraint
/ Test

Plate :?'”“
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Ensaio Direto Quantitativo

The Lehigh cantilever lamellar tearing test.



Decoesao Lamelar

t=espessura

Corpo de prova '-\‘

o
60° il
Swg:fciigosses SRy A prova
Solda de Solda de
ancoragem teste
1 /3
Localizagao I_Z )k j
F L AR
do tr|nc° \\ l 2 N r a
} // } Chapa de /
/ Chapa auxiliar snede Localizagdo
// de trinca
Ensaio de Cranfield Ensaio da “Janela”

Ensaios Diretos Qualitativos



Decoesao Lamelar

SUPLEMENTO DE PESQUISA

AVALIACAO QUANTITATIVA DA
DECOESAO LAMELAR
E CRITERIO DE AMOSTRAGEM

Y. AIHARA
A.J.A. BUSCHINELLI




Decoesao Lamelar

TOPO BASE

LAMINAGAO
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Decoesao Lamelar

TABELA 1 - Caracteristicas dos Acos Conforme Fabricante

material A-283C | A-283C A-36 COSARS0 BS4360
esp. (mm) 31.5 63 63 50 50
L.E. (MPa) 258 — 328 375 405
LR (MPa) 414 — 498 530 516

A (Lo-50mm)[ 29 — 32 32 30
laminagao conv. conv. con. control. conv.

t. térmico — — —- — normal.
deso (AL-SI) | s.acalm. | s.acalm. acalmado acalmado acalmado
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Decoesao Lamelar

Regido préxima
a superficie

Regido central

POSICOES DA AMOSTRAGEM



ESTRICCAO EM Z (%)

Correlacao resultados da estriccédo em z e
0 NRSC do ensaio de Lehigh
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a) regido préxima a superficie

ESTRICGAO EM Z (%)
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Decoesao Lamelar

A36-2

A283C (31,5mm)

A283C (63mm)

COSAR 50

A36-3

A36-5

400

450 500 550 600 650
N.R.S.C. (MPa)

b) Regido central da chapa



Decoesao Lamelar

CONCLUSOES

1. Excessiva variacao da estriccéo-z ao longo da espessura exige
amostragem seletiva — o método do IIW para espessuras
maiores que 25mm pode nao ser representativo.

2. Existe boa correlacéo entre o NRSC do ensaio de Lehigh e a
estriccdo-z medida seletivamente junto a superficie da chapa.

3. O local de amostragem na chapa matriz é relevante — para ago
acalmado A-36 foram medidas variacoes da ordem de 900% na
estriccao-z da regiao central da espessura!



TRINCAS DE REAQUECIMENTO
ou
. ALIVIO DE TENSOES
Historico
Anos 60 — trincas em tubos de ago AlSI 347 em
termoelétricas no Canada

70/80 — trincas sob revestimento inox em vasos de pressao
em reatores nucleares PWR

90 — trincas em agos Cr-Mo (<3%Cir)

Caracteristicas

Microtrincas intergranulares na ZAC-GG — risco de fragilizagao !!!

Trincas de reaquecimento em ag¢o CrMoV: (a) macroestrutura
(35x%); (b) microestruture (1000x).



TRINCAS DE REAQUECIMENTO

Microdimples indicando fratura pseudo-
intercristalina Hornbogen & Kreye

Aspecto tipico das trincas:

a) macroestrutura mostrando trinca intergranular na
ZAC-GG;

b) MO junto a ponta da trinca revelando cavidades
em contornos de graos;

c¢) MEV mostrando fratura intergranular;
d) microcavidades nas faces dos graos.

Bailey



TRINCAS DE REAQUECIMENTO

Trinca de alivio de tensdes, aspecto da fratura (sob revestimento em aco
22NiMoCr37); a) visdo macro; b) ZAC-GG: contornos de grao lisos da
austenita original; c) regiao de transicao para ZAC-N; d) grdos menos
grosseiros: contornos com cavidades. Tenckhoff 1979



TRINCAS DE REAQUECIMENTO

MECANISMOS DE FRAGILIZACAO

TRINCAS DE REAQUECIMENTO ...... T ~ 550 a 680 oC

1) RE-PRECIPITACAO COERENTE NO INTERIOR DOS GRAQS
AUSTENITICOS

2) FORMACAO DE ZONA LIVRE DE PRECIPITADO ZLP JUNTO
AOS CONTORNOS DE GRAO DA Yy ORIGINAL

FRAGILIDADE DE REVENIDO ........ T~ 500 oC
SEGREGACAO DE IMPUREZAS NOS CONTORNOS DE GRAO
MCF=Si+2Cu+2P+10As+15Sn+ 20 Sb

GrupoVla — S, SeeTe

GrupoVa— N, P, As, Sbe Sn



TRINCAS DE REAQUECIMENTO

OCORRENCIA EXIGE CONJUNCAO DE FATORES:

e Reaguecimento na faixa de T ~ 550 a 650 oC | Teo)

solubilizacéo

e Tensodes trativas elevadas ~ LE 1400/

e ZAC grosseira .

: . . - re-precipitacao
e Microestrutura susceptivel — martensita ou bainita 900 procipRag

e Composigao susceptivel - Mo, V, Nb ... DO L[] R g e

Exemplos de acos sujeitos a trincamento: Pt
0.5Cr-0.5Mo0-0.25V 22NiCrVv37 Solubilizacéo e precipitacdo de
0.5Cr-1Mo-1V AISI 347 carbo-nitretos durante a soldagem e

2.25Cr-1Mo TTAT de acos BLAR microligados.



TRINCAS DE REAQUECIMENTO

] [ o

{ ooo ooo nng___....--matrix
ooo ooao Dnﬂ.a""‘““*pr60|p|tate
(e)
Ty

residual stresses + aging
—» cracking

l_
@ solutionizin
s L/ E 1 = A
©
@
D_ —_———— = — = - - -t — —— —
% precipitation
= temperature
range

. % .

Concentration, C Time, t

(@) (b)

Postweld heat treatment cracking: (a) phase diagram; (b) thermal cycles
during welding and heat treating; (c) precipitation C curve; (d) weld cross-section;

(e) changes in microstructure.
Kou cap. 17
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Deslizamento relativo de graos

austeniticos junto a ponta da trinca.

TEM de ZLP em Al3%Cu,

300 0C /16 min Hornbogen & Kreye
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Mecanismo de separacéo na ZLP por formacéo

de poros junto a precipitados incoerentes

causada por (a) tenséo cizalhante e (b) tracéo.
Hornbogen & Kreye



TRINCAS DE REAQUECIMENTO
LOCALIZACAO TIPICA

SOB REVESTIMENTO INOX
Aco vaso de presséo reatores PWR
22NiCrV37 — 20MnMoNi55

trincas — 2-10 mm

superficie do \;
revestimento inox

&
A s 10-15 mm

N
zona perigosa
Z

+ 192 passe / \ 29 passe
@ BRI

? - 3 z 1 /\
<2.5mm 1 Metal
A3 L ZAC grosseira | de base
A1 ZAC fina

L= diregéo de soldagem

™ trincas ao
lado do
cordao

TRINCAS LATERAIS
AO CORDAO

b T &8 ZAC grosseira
(sensivel)
L (direcao de soldagem)



TRINCAS
LONGITUDINAIS AO CORDAO

—— B8 ZAC grosseira

TRINCAS DE REAQUECIMENTO

A1
A3 trincas
até m it
ultimo
} / passe
alguns mm
N
T

L (avango soldagem)




TRINCAS DE REAQUECIMENTO

Ensaios de Susceptibilidade

Tracédo a quente, Fluéncia,
Relaxacdo, Emissao Acustica etc

A | ] | %

Teste de Vinckier
(@) stainless steel bar

< : — v The test s.pecimens are made by welding two pieces of
stainless steel _ 50-m_m-th|ck plates together. The ends of the test
fillet weld test specimen specimens are welded to a stainless steel block. Upon
reheating, the test specimens are subjected to tensile
loading caused by the higher thermal expansion
(b) coefficient of the stainless steel block.

01 ({IE—HL)T
E, N (E\AEA)+1

£ =

where e is the overall strain in the test specimen, a the thermal
expansion coefficient, E Young’s modulus, T the reheat temperature, and
A the crosssectional area. Subscripts 1 and 2 refer to the test specimen
and the stainless steel block, respectively.

Kou cap. 17



TRINCAS DE REAQUECIMENTO

MEDIDAS PREVENTIVAS:

a. Quanto ao material

Formulas empiricas:

CS=%Cr+3.3x%(%Mo)+8.1x(%V)—2 Nakamuraetal. —» aco livre de trincas para
CS < zero.
Psr=Cr+Cu+2Mo+10V+7Nb+5Ti Ito etal. — Psr<0 aco livre de trincas.

s, ~de
b. Quanto a variaveis de soldagem e ciclo térmico /- % o

or Ao
/

M. Kase
7
_ 4
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Time to fracture, min.

Temperature vs. time to fracture in ferritic steels

TRINCAS DE REAQUECIMENTO
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TRINCAS DE REAQUECIMENTO

| | | | |
Waspaloy A”D}‘j1_8_1800 &
aglnE rate and [ o
crac reduced SN <1600 =
— 5
No cracks —11400 g'
)
| L1 | | 1200 F

10" 10 10° 10* 10° 10°

Time (minutes)

Crack susceptibility C curves for Waspaloy and Inconel 718

welds.



TRINCAS DE REAQUECIMENTO

| Not

| cracked Cracked
Q
o
v 1000 -
-
©
©
o}
£ 800 -
@
= C-Curvex,

0.1 1.0 10.0 100.0
Time, min.

Effect of heating rate on postweld heat treatment cracking of a
Rene 41 solution annealed before welding.

Kou cap. 17



Second layer

First layer

Average layer
height

-vif/"

"Il Original plate
l//// / 4{111/ [["ﬂ{IIIIII.’."' 7 surlace |

s !l’[

[ Wil r’l(ll

i

max. depth of
refining zone, secand layer (Rl

miax, fusion boundary + average layer height, «

Max. fusion boundary/<
depth, second layer (P}

Two-layer retinement critenion:

depth, first layer first layer (C)

|

+__ Weld metal

| Coarse-grained HAZ, grain size = 50 mm
Fine-grained HAZ, grain size < 50 mm
Intercritical region

Note:

All measurements with respect to
the original surface

The fusion boundary is used as a
first order approximation for the
depth of the coarse-grained HAZ

Single weld bead zones

6.3 Sketch showing two-layer technique. Note that the degree of
overlap is less than ideal (i.e. ~50% overlap obtained by aiming arc at
toe of previous weld bead). ‘U’ indicates unrefined HAZ regions.

TRINCAS DE REAQUECIMENTO



Longitudinal crack in
coarse-gained HAZ

Parent metal

(a) Weld

Angle of attack

Grain-refined
HAZ regions

ivilE

Refined HAZ
>
A A(‘3
&ﬁ

Coarse-grained HAZ

(b)

HAZ

p: =X Grain-coarsened

HAZ regions

Microcrack networks plane of
cracking, usually normal to
the fusion boundary

Angle of attack

Refined HAZ | A Acy
Coarse-grained HAZ
(c)

TRINCAS DE REAQUECIMENTO

Angulo de ataque e refino da ZAC: a) local de trincas na ZAC-GG;
b) baixo angulo de ataque e e elevada superposi¢cdo aumentam o

refino da ZAC; c) alto angulo de ataque e baixa superposicéo
diminuem o refino da ZAC; (d) e (e) macroestruturas de soldas

com com alto e baixo grau de refino da ZAC e superposicao,
respectivamente.



1. 1315 degrees C

- austenita (1) )
T - alloying elemeants dissolve

| Single-pass simulation | [ Multi-pass simulation |

2. After cooling to room temperature from first pass

- lath marensite
- alloying elements rapped in solution
- may be some undissolved carbides

3. After second pass cooled ¢
to room temperatura

- reduced austenite grain and packet size

- intedath and intralath carbides

- undissolved carbides at prior austanita
grain boundaries

- possible tempering of 15t pass structure l

4. After post-weld heat treatment

-alemeantal segragation at prior
austenite grain Goundaries

pracipitate-fres
denuded zone

-grain boundary carbides
¢ alloy carbides in grain interors

- carbides have

coarsanad @
5. Tensile stress applied
;'F 1 sfrain concentrated in
Hf \ by soft danuded zona
G &5

perpendicular
to tensile axis

TRINCAS DE REAQUECIMENTO

Microstructural changes and failure mode
of single- and multiple-pass samples of a
2.4Cr-1.5W-0.2V ferritic steel.

Kou cap. 17



TRINCAS DE REAQUECIMENTO

SEM micrographs of fracture surfaces of a 2.4Cr-
1.5W-0.2V ferritic steel: (a) single-pass sample;
(b) multiple-pass sample

Kou cap. 17



