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High Strength and Heavy Wall Thickness Steel Pipes for Building Structures
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Abstract:

In recent years higher tensile strength and heavier section of steel pipes have been required for building
structures. JFE Steel has developed a series of steel pipes from 550 to 780 N/mm” tensile strength class (from 385
to 630 N/mm? yield strength class) by applying high performance steel plates. Mechanical properties of the pipes,
particularly yield strength (YS) and yield ratio (YR), are focused in order to achieve high performance for the
building frames. Both low YR and high YR (high YS) types of pipes, which are required according to various design
requests, can be produced through controlling the mechanical properties of applied plates and the manufacturing
processes of the pipes.
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Table 1 Targets for mechanical properties and chemical compositions of steel pipes
Mechanical properties Chemical composition
Steel pipe : -
YS (N/mm?) TS (N/mm?) YR=YS/TS VE'1 0°C () Pu? (%)
P-385B 385-535 550-700 =85% (Low YR) =70 =0.27
TS490-550
P-400T 400-600 490-640 =95% (High YR) =70 =0.27
P-440B 440-590 590-740 =85% (Low YR) =47 =0.30
TS570-590
P-500T 500-700 570-740 =95% (High YR) =70 =0.30
TS780 P-630T 630-880 780-930 =95% (High YR) =47 =0.30
*1 1/4t trom surface
2 P, C+Si/304+Mn/20+Cu/20+Ni/60+Cr/20+Mo/15+V/10+5B
Z Z
3. HRE & Z Controlled ~\
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Fig.3 Manufacturing processes for low yield ratio (YR) steel
plates
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Fig.4 Effects of strain aging on tensile and Charpy impact properties of steel plates
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Table 2 Results of y-groove weld cracking tests

Steel plate .
P - Welding conditions Preheating temperat:lre Crack ratio
Grade Pey Thickness (mm) O
75°C 0%
0.27 60 GMAW (CO,) SoC o
) Welding consumable: 0
780 N/mm*~ class MG-80, 1.2 S0C 0%
0.24 40 Heat input: 1.1 kJ/mm -
25°C 0%
25°C 0%
590 N/mm? class (SA440-U) 0.21 80 GMAW (COy,) -
Welding consumable: 0°C 0%
MG-60(YGW-21), ¢1.2 50°C 0%
550 N/mm? class (HBL385) 0.17 100 Heat input: 1.1 kJ/mm
25°C 0%
Atmosphere: 20°C, 60%
-1 - JFE 8t No. 21 (2008 4 8 J1)
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Table 3 Chemical compositions of steel plates

(mass%)
. . Chemical composition
Steel pipe Plate thickness (mm) -
C (%) Si(%) | Mn(%) | P (%) S (%) N (%) | Cq(%) | Py (%)

P-385B 50 0.13 0.35 1.34 0.006 0.002 0.003 0.38 0.21
TS490-550

P-400T 95 0.06 0.20 1.48 0.008 0.002 0.005 0.42 0.17

P-440B 80 0.09 0.26 1.50 0.008 0.002 0.003 0.46 0.20
TS570-590

P-500T 100 0.08 0.24 1.45 0.016 0.003 0.004 0.41 0.19
9750 P-630T 40 0.06 0.19 2.00 0.012 0.001 0.004 0.55 0.25

P-630T 60 0.12 0.27 0.97 0.003 0.001 0.005 0.55 0.28

Ceq: C+8i/24+Mn/6+Ni/40+Cr/5+Mo/4+V/14
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Table 4 Mechanical properties of pipes

P.: C+Si/30+Mn/20+Cu/20+Ni/60+Cr/20+Mo/15+V/14+5B

Steel pipe Tensile properties (Plate) Tensile properties (Pipe)
D t E)‘;“dm"“ Heat YS TS | YR= Ov}é YS TS | YR= OVEC
2 2 2 2
(mm) | (mm) bending treatment |(N/mm?)|(N/mm?)| YS/TS ) (N/mm?)|(N/mm?)| YS/TS )
p-3858 | 800| 50 | 6.3 434 596 73% | 280 | 499 607 82% | 252
Cold
(LowYR) | 1000 | 50 | 5.0 434 596 73% | 280 | 509 609 84% | 243
TS490-550
P-400T | 1300 | 95 | 7.3 | Warm 405 579 70% | 343 | 564 627 90% | 328
(HighYR)| 2100 | 95 | 45| Cold Temper | 407 586 69% | 346 | 490 609 86% | 316
900 | 40 | 44 502 637 79% | 263 | 535 652 82% | 268
800 | 45 | 5.6 479 631 76% | 284 | 572 691 83% | 279
p-440B | 800| 50 | 6.3 Cold 467 609 77% | 305 | 550 665 83% | 295
(0]
1$570.590 (LowYR)| 800 | 60 | 7.5 Temper | 490 645 76% | 312 | 536 667 80% | 275
900 | 70 | 7.8 Temper | 475 620 77% | 298 | 513 652 79% | 271
1900 80 | 42 484 658 74% | 320 | 542 672 81% | 273
P-500T | 1300| 90 | 69 | Warm 561 706 79% | 210 | 666 734 91% | 150
(HighYR)| 2 100 | 100 | 4.8 Cold 546 698 78% | 231 | 629 726 87% | 223
800 | 40 | 5.0 645 841 77% | 202 | 759 833 91% | 181
P-630T | 800 | 40 | 5.0 669 823 81% | 232 | 741 862 86% | 222
TS780 . Warm
(HighYR)| 1000 | 50 | 5.0 662 859 7% | 228 | 775 846 92% | 126
1000 | 60 | 6.0 737 825 89% | 254 | 719 823 87% | 250
t/D: Wall thickness/Diameter of steel pipe Tensile test: JIS 2201 No. 12
Charpy impact test: JIS Z 2242 V-notch 1/4¢ from surface
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Fig.6 Relationship of #/D and Yield ratio (YR) for pipe data
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