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Výrobní metody vs. Houževnatost vs. Pevnost (Tvrdost)

HARDOX + tl. plechy STRENX
+ pásy STRENX 960 PLUS

ML tl. plechy (do 500 MPa) + pásy
STRENX kromě STRENX 960 PLUS



Možnosti výroby vysokopevnostních ocelí



TMCP (Termomechanické válcování)



Více legujících prvků (C, Mn, Cr, Mo, B …)

Teplota

Čas
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Efekt legujících prvků na ARA diagram
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Přehled speciálních ocelí SSAB
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DOMEX 500 MH

Double Grade 355/460

STRENX 900/960 E/F
STRENX 900/960 MC/PLUS

STRENX 700 E/F/OME
STRENX 700 MC PLUS
STRENX 700 MC D/E

SSAB WEATHERING 550

SSAB WEATHERING 355
Cor-Ten A/B/B-D
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Svařování speciálních ocelí

► Předehřev
►„Měkký“ přídavný materiál
► Postup svařování

► Tepelný příkon
► Interpass teplota

 Předehřev
 Vysokopevný přídavný

materiál
 Postup svařování

 Tepelný příkon
 Interpass teplota

Vyhnout se vodíkovým trhlinámVyhnout se vodíkovým trhlinám

Zajistit pevnost ve svarovém spoji

Otěruvzdorné oceliVysokopevné oceli



Hardox a Strenx
Extrémní čistota oceli + tepelné zpracování

► H     0,3 ppm (0.00003%)
► S     10 ppm (0.001%)
► P     80 ppm (0.008%)
► N    25 ppm (0.0025%)



Předehřevy + interpass

►Vztaženo k tl.
nejtlustšího plechu
(single plate
thickness…)



Doporučené přídavné materiály ESAB



Svařitelnost - Vnesené teplo
Časy t8/5

Temperature

Time

800 C

500 C

t8/5

t8/5

t8/5 increases with:
• Increased heat input
• Increased preheat /interpass
temperature
• Decreased plate thickness

(for small t)

t

Q2
Q1

Q2 > Q1
t8/5 > t8/5

►Příliš mnoho vneseného tepla - dlouhé časy t8/5
►Nižší mez pevnosti
►Nižší mez kluzu
►Nižší houževnatost

►Málo vneseného tepla – kratší t8/5
►Nižší houževnatost
►Riziko neprůvarů
►Nižší produktivita

►Postupy svařování lze vypočítat ručně, nebo s pomocí software SSAB WeldCalc, s
kterým lze provést i dokumentaci svařovacího procesu – pWPS, WPQR atd.





WeldCalc
►pWPS
►WPQR



Pevnost svarových spojů

Strenx 700, 900, 960
Strenx 900 – 960 Plus
Hardox HiTemp a HiAce
Při použití přídavného
materiálu stejné nebo vyšší
pevnosti

Strenx 600 – 700 MC (Plus)
Strenx 1100, 1300
Strenx 900 – 1100 MC
Všechny Hardoxy kromě
HiTemp a HiAce



Doporučené intervaly t8/5
Requirement: min. 27 J at -40ºC

Steel grade Recommended t8/5 values

Strenx 700 5 – 25 s

Strenx 900 5 – 20 s

Strenx 960 – 1300 5 – 15 s

S355 – 500 MC 1 – 25 s     MAG 3 – 25 s

S550 MC 1 – 20 s     MAG 3 – 20 s

Strenx 600 – 700 MC 1 – 20 s     MAG 3 – 20 s

Strenx 700 MC Plus 1 – 20 s     MAG 3 – 20 s

Strenx 900 – 960 Plus 1 – 15 s     MAG 3 – 15 s

Strenx 900 MC 1 – 15 s     MAG 3 – 15 s

Strenx 960 MC 1 – 15 s     MAG 3 – 15 s

Strenx 1100 MC 1 – 10 s     MAG 3 – 10 s
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Q = Heat input (kJ/mm)
d = Single plate thickness (mm)
T0 = Working temperature (ºC)
F2 = Shape factor
F3 = Shape factor

Use WeldCalc to calculate and optimize the weld procedure

Recommended t8/5 intervals in order to fulfill the min impact toughness requirement 27J at -40ºC.



Vliv t8/5 na pevnost SK



Typická statická pevnost svarového spoje
Steel grade Rp0,2

[Mpa]
Rm
[Mpa]

Strenx 700 700-780 780-830

Strenx 900 780-850 940-1000

Strenx 960 900-980 1000-1050

Strenx 1100 950-1030 1010-1090

Strenx 1100 PLUS min 1100 1160 – 1220

Strenx 1300 1000-1100 1100-1200

Strenx 600 - 700 MC 700 - 780 760 - 850

Strenx 700 MC Plus 700 - 780 760 - 850

Strenx 900 – 960 MC 800 - 1000 880 - 1080

Strenx 1100 MC 950 - 1070 1010 - 1180

Strenx 960 Plus 960 - 1070 1020 - 1140



Examples of hardness profiles of the weld. Heat input [Q]
is the same.

• Q=0,48 kJ/mm
• plate thickness = 6 mm
• welding wire Union X96

Strenx MC steels are not tempered and they
have a lower level of alloying elements than QL
steels of the same strength class



Houževnatost Strenx 960 MC HAZ (FL+1 mm)

CVmin = 14J  5x10x55
mm
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Arc energy, for fillet welds and undermatching
joints it is possible to use higher arc energy
than butt welds and matching joints



Undermatching filler metal can be used

►The weld is in a low
stress area

►Welding to an ordinary
mild steel

►Most joints subjected to
fatigue loads



Undermatching filler metal can be used

Strenx Mild steel

►The weld is in a low
stress area

►Welding to an ordinary
mild steel

►Most joints subjected to
fatigue loads



Undermatching filler metal can be used

►The weld is in a low
stress area

►Welding to an ordinary
mild steel

►Most joints subjected to
fatigue loads



Preheating
► Preheating is not necessary when using low hydrogen welding

consumables. Hydrogen content not over 5 ml/100g (H5)
► Plate thickness is thin (3-10 mm)
► CET value is quite a low
► Welding consumable important to check if preheating is needed (can be

calculated acc. to EN 1011-2, method B)



Filler material selection
► EN ISO 16834:2007 strength class 89 (Rp0.2 minimun 890 MPa).
► Impact strength class 4-6 (CV minimum 47J/-40 °C).



The effect of cooling time t8/5 on yield and ultimate
tensile strength of butt joint



Welding processes for UHSS steel

a) Laser
Welding speed 1,2 m/min
Welding energy 0,26 kJ/mm
Yield strength 1024 MPa

Base material Strenx 960 MC 6mm

b) Laser + MAG (Hybrid)
Welding speed 2,0 m/min
Welding energy 0,35 kJ/mm
Yield strength 979 MPa

c) Pulsed MAG
Welding speed 0,8 m/min
Welding energy 0,59 kJ/mm
Yield strength 981 Mpa (backing)

+ Low welding energy
+ Small distortion
- Small groove tolerance
- Expensive

+ Low welding energy
+ Small distortion
+ High productivity
- Expensive

+ Cheap
+ Easy process
+ Also manual welding
- Lower energy density
- Lower productivity



Laser-MAG hybrid welding tests
- Tensile test results, next slide



Yield strengths [MPa] of the laser-MAG hybrid welded joints. Welding
consumables Esab OK12.51, Böhler X70 IG and Union X96



Strenx 960 PLUS
Strenx 960 PLUS



Výložník mobilního jeřábu - Strenx 960 PLUS vs Strenx 960 MC

4 x Fillet welds
inside corners

4 x Single-bevel
welds outside
corners

800

77
0

STRENX 960 PLUS

STRENX 960 MC

Odpovídající pevnost ve svarovém spoji

Nižší pevnost ve svarovém spoji



Tradiční Strenx 1100 vs Strenx 1100 PLUS



Obálka plastických napětí dle von Misese



Rovnání plamenem CEN/TR 10347:2006



PWHT (Žíhání k odstranění pnutí)

►Strenx 1100, 1300, Strenx 900 – 1100 MC a
Strenx 900 – 960 Plus není možno žíhat



ARMOX - Preheat temperature:
Thin plates with low stress joints, preheat can be considered case by case

Plate thickness
3.0-8.0

[°C]
8.1-10.0

[°C]
10.1-12.0

[°C]
12.1-15.0

[C]
15.1-20

[°C]
Steel
Armox 370T, Class 1, Class 2; unalloyed or low alloyed consumables 50 100 125 125 125
Armox 370T, Class 1, Class 2; Stainless consumables RT RT RT RT RT
Armox 440T, unalloyed or low-alloyed consumables 50 75 75 125 125
Armox 440T, Stainless consumables RT RT RT RT RT
Armox 500T, unalloyed or low alloyed consumables 50 100 125 125 125
Armox 500T, Stainless consumables RT RT RT RT RT
Armox 600T, stainless consumables 100 100 100 100 100



How to minimize HAZ softening effects
►Minimize or eliminate welding:

− Use of bended components preferred option
− Mechanical connections (bolts or studs) if possible

►Overlap joints
− Minimum overlap recommendation 20 - 25 mm

►Backing strips
− Narrow strip behind or top of weld

►Weld placement
− Blind placement, hide weld from direct hit

►Low heat input butt welds
− Use of low energy  to minimize HAZ softening



Selection of welding consumables
► The selection of welding consumables:

1. Undermatching ferritic, WM yield strength max. about 500 MPa

2. High-strength ferritic, WM yield strength max. about 800 MPa

3. Undermatching austenitic, WM yield strength max. about 500 MPa

• Undermatching ferritic consumables are in most cases good cost effective alternative for all
grades, easy to weld.

• High-strength ferritic consumables are more difficult to weld and benefits are limited, weld
is not ”bullet proof”. Use only if especially high strength is needed for joints

• Austenitic consumables are the most commonly used consumables. The risk for cold
cracking can be reduced significantly. Austenitic consumables are most beneficial also in
repair welding.



Selection of welding consumables – undermatching ferritic
►Examples of ferritic undermatching consumables:

►The advantages of undermatching ferritic consumables compared to high-strength
consumables:



Selection welding consumables – high-strength ferritic

►Examples of ferritic high-strength consumables:

►Increased risk of cold cracking

►Recommended only for special applications (e.g. weld subjected to heavy static
loads)

►Better suited for thin plates, for thick t > 15 mm plates it is difficult to get good
properties



Selection of welding consumables - austenitic
►Examples of austenitic consumables:

►Listed consumables are so-called AWS 307 type Mn-alloyed consumables, reduced
cracking possibility. AWS 309 type consumables are suitable as well.

►Advantages and properties of austenitic consumables:



Recommendation: Austenitic
Armox 600T/ 12 mm

►MAG welding

►High Mn austenitic wire 307 /  OK 16.95 or similar

►Preheat +100°C for stiff joints, torch heating not
recommended

►Target parameters (t 8/5: 10 … 15 sec):
− Arc energy: 1.42..1.5 kJ/mm, modern pulse machines recommended

►Soft HAZ area about +25 mm on both side of weld

►Min length of weld run 50 mm (=tacks)

►Gas selection:
− Gas Ar + Co2 2 %, stable arc
− Gas flow steady, not too high (flow = nozle diameter)



Recomendation: Austenitic
Armox 600T/



Recommendation: Soft ferritic
Armox 600T/ 8 mm

►MAG welding with soft
ferritic wire OK14.13

►Preheat +150°C

►Target parameters (t 8/5:
15…25 sec):

− HI: 0.7 / 1.0 kJ/mm
− D321 / D322 WPS
− Mison 25 gas

►Soft HAZ area about +25
mm on both side of weld

►Higher energy gave better
properties

►Min length of weld run 50
mm (=tacks)



Recomendation: Soft ferritic
Armox 600T/ 8 mm results
►Strength:

− D321 (15 s)
• Rm 767 / 850 Mpa

− D322  (25 s)
• Rm 898 / 940 Mpa

►Charpy V average (-40°c)
− D321 (15 s) / D322

(25 s)
• WM 36 J/ 34 J
• FL 39 J/ 21 J
• FL+1 13 J/ 29 J
• FL+3 17 J/ 27 J
• FL+5 20 J/ 27 J
• FL+7 21 J/ 21 J



Děkuji za pozornost


