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Effect of Cyclic Straining on the Stress-Strain Behavior of Line Pipe Steel
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Synopsis :

To clarify the stress-strain behavior of material in the processes of UQE pipe manufacturing, the
Bauschinger eifect during cyclic straining is investigated.

The Bauschinger stress in the prestrain range of less than 1% has no relation with the amount of
prestrain but has the linear relation with prestress. This result is explained by dividing the prestress
into two terms: one is ¢q independent of the direction of deformaticn and another o, which causes

the Bauschinger effect.
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Table 1 Examples of strain history of outer and inner surfaces in UQOE

pipe : measured at location of 180° from weld seam

Pipe iy i O~ing and . | Specimen
Grade dimension } U-ing shrink Exparsion i flattening | Tensile test
{mm) | Cad 1 (%) (679N )]
| Outer surface | +2.0 1-0.7, —0.3 413 | -L3 +
APISLX X60/1016x 13.0 - :
| | Inner surface | -z20 ‘+&1 —0.3  +1.3 ‘ +1.3 +
I H ——
‘ . Outer surface = +1.6 |-0.7, 0.3  +1.3 -0.9 +
APISLX X65'1016x9.5 - - -
‘ Inner surface | —-1.6 |+0.7, —0.3 +1.3 40.9 +
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Fig. 1 Dimensions of specimen (a) and com-
pression test fixture (b))

Table 2 Chemical compositions and tensile properties of base plates

B, Nb-V-Ni ®oO#EC, ¥ v Nb-V-Mo %
DEFEDLXE65THS. A, BRIUCHZ =7
A P+ —S5 4 VT, Mo 2884 2D04%
17254 F+3471 PAKRTHDH, TZA,
Bk XU'CTRER OB 2 % DR LT
7, DTHRERBSIIES LT, bkl
-0 FHEBERT,

ChbhOFEHHL Fig. 1 (@) wrRTERHAR
2O, EEOBROEE AT % o,
Fig. 1(b) @ RTHEXAVTH0Lt 07 L AT~
SRRSO, EERREIEET ot 2@
BEET L oEAFRODTARHEL, ERD
-HRUO-TR R Kb,

BRI L b P ECERTOTAEDS R
HEARFRNDm, A~B 38ECEMC0.5%,
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Base ‘ Thick-i Chemical compositions (%) ! Tensile properties*
Grade [ness | | | . [ ¢ Yield Tensile
plate (mm) C S _Mn} P ) Nb Y Ni| Mo : Al | strength | sirength iEIongation
- T L. Ckg/mm®) |(kg/mm®) | (%) _
A | %60 20 [0.130.241.35 0.016 0.008 0.028 0.017 — | ~ o021 44 | sz | 47
B | 25 [0.100.271.52 0.010 0.004 0.043 0.0 — | — |o.021l 47.1 | 7.2 52
— - [T, [V : . -
c !xe65/ 20 0.1%0.21P.40}0.006‘0.004£0.036 0.0430.34‘ — ‘ 0.035 52.5 ‘ 58.5 48
_—— i I
D ‘ P20 0.08@.26@.40‘O.OOZEO.OOQ‘0.036‘0.033if— f0.21‘ 0.026( 6.5 | 59.6 | 41
- I i P i |

* Tensile properties were determined transverse to rolling direction according to API specification with

the gauge length of 2in
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Fig. 2 Tensile stress-strain curves of specimens
subjected to compressive prestrain which
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Fig. 3 Schematic stress-strain curve of speci-
men subjected to compressive prestrain
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Table 3 Stress-strain behavior of specimens subjected to compressive prestrain

Base | IVs evE i c* ; U* g_f i g’* eon ‘ er+eve
plate .iof hase platejof base plate r i ol ¥ | TE i TTETE
U kg/mmt) | (9 % | (kg/mm®  (kg/mmty | o9 (%) (%)
| 05 | 257 .0 | o5 | 17 2.2
A 6.0 2.3 - ——————

| Lo a5 | w0 | 11 | 12 | oz
0.5 280 | 415 0.5 i 1.5 | 2.0
B 47.5 2.0 . | .
1.0 ‘ 27.5 48.0 1.1 1.1 2.1
0.5 | 305 52.5 0.5 1.4 i 1.9
C 53.0 19 . : o
1,0 305 1 s20 |11 0.8 1.8

agys Yield strengfh.of base plate (0.5% under load)

ovyr Yield elongation of base plate
* Bee Fig. 3
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Fig. 8 iz prestress a1 & o3 & DEE&EA T,
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Fig. 7 Relation between prestrain e¢; and
Bauschinger stress op (See Figs. 4 and 5)
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Fig. 9 Schematic stress-strain curves of specimens strained cyclically
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Table 4 Values for oy during cyclic straining
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