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Transvers and Longitudinal Yield Strength of Hot-rolled Seamless
Linepipe

Akira YAGI, Takaharu SHIMIZU, Yasuo S0GO and Katuharu NAKAMURA

Synopsis:

The transverse yield strengths of hot-rolled seamless linepipes were studied with respect to the different
test methods, including the tensile tests with cold-flattened strap and unflattened round specimens. These
results were compared with the longitudinal yield strength and the yield strength obtained by the ring ex-
pansion test, and were discussed in relation to yielding of a pipe under triaxial stress state. The following
conclusions are reached from the experimental results and discussion.

(1) There is little difference between the longitudinal and transverse tensile properties of hot-rolled
seamless linepipe. v

(2) The cold-flattened strap specimen does not represent the true material properties, because of the
pipe-size effect on the yield strength.

(3) The transverse yield strength, which is obtained with the cold filattened strap specimen, can be well
explained with the combination of work-hardening and the Bauschinger effect.

(4) As for the hot-rolled seamless linepipe, the use of longitudinal tensile specimens should be recom-

mended as the most reliable practical method for the purpose of quality control.
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Table 1. Samples for ring expansion tests.
Chemical composition (wt%)
Steel Pipe dimension Manufacturing process
C Si Mn P S Nb v
R1 16 inch $X10.31 mm¢ 0.14 0.19 1.36 0.016 0.006 0.04 0.05 Normalized
R2 16 inch #X 9.52 mmi 0.15 0.19 1.38 0.012 0.003 0.05 0.06 Normalized
R3 14 inch #X12.7 mmi 0.13 0.19 1.27 0.009 0.004 0.03 0.04 Normalized
R4 16 inch $X10.31 mm¢ 0.08 0.19 1.28 0.013 0.005 . 0.04 Quenched & tempered
Table 2. Sample pipe for the experiments evaluating cold-flattening effect. (wit%)
Steel Pipe dimension C Si Mn P S Nb
S 8-%inch $x12.7~25.4 mmi 0.10 0.24 1.27 0.016 0.001 0.05
Table 3. Samples for tensile tests with unflattened small round specimens.
Chemical composition (wt%)
Steel Manufacturing process
C Si Mn P S Nb Mo

EA 0.10 0.24 1.27 0.016 0.001 0.05 — As Rolled

EN 0.10 0.24 1.27 0.016 0.001 0.05 — Normalized

EQ 0.10 0.24 1.27 0.016 0.001 0.05 — Quenched & tempered

F 0.06 0.20 1.27 0.016 0.004 0.04 0.29 Quenched & tempered

B 0.08 0.17 1.38 0.015 0.004 0.04 0.07 Quenched & tempered

Bl 0.08 0.17 1.38 0.015 0.004 0.04 0.07

B2 0.08 0.17 1.38 0.015 0.004 0.04 0.07 Quenched & laboratory-tempered

B3 0.08 0.17 1.38 0.015 0.004 0.04 0.07 (at different temperature

B4 0.08 0.17 1.38 0.015 0.004 0.04 0.07

Ul 0.07 0.24 1.25 0.010 0.001 0.03 0.19 Quenched & tempered

Table 4. Samples for compression-tension tests.
Chemical composition (wt%)
Steel Manufacturing process
C Si Mn P S Al Nb Mo Ti B

C1 0.10 0.24 1.27 0.016 0.001 0.026 0.05 — — — Normalized
C2 0.10- 0.24 1.27 0.016 0.001 0.026 0.05 — e e Quenched & tempered
C3 0.06 0.20 1.27 0.015 0.004 0.020 0.04 0.29 — — Quenched & tempered
C4 0.08 0.17 1.38 0.015 0.004 0.031 0.04 0.07 0.019 0.0011 Quenched & tempered
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Fig. 2. Specimen preparation procedure.
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Fig. 1. Experimental procedure.
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Fig. 3. Dimensions of specimen (a) and compres-
sion test fixture (b).
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Fig. 5. Comparison of stress-strain curves (R1).
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Table 5. Comparison of ring expansion test and API type tensile test. (MPa)
. . Longitudinal Transverse teusile . .
Pipe dimension ttznsgileu test test (ﬂatie:esl) Ring expansion test AYS
Steel . " (/D)
YS(L) TS(L) YS(T) TS(T) YS(R) (T)—(L) | {T)—(R)
R1 16 inch $X10.31 mm¢ (2.8%; 415 537 386 543 409 ~29 -23
R2 16 inch $X9.52 mmi (2.4% 415 553 392 563 414 —23 —22
R3 14inch $X12.7mmi (3.7%) 392 512 376 523 408 —16 —32
R4 16 inch $X10.31 mmt (2.6%) 462 560 468 568 479 6 —-11
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Fig. 9. Work-hardening properties.
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Fig. 10. Bauschinger effect coefficient.
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