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Synopsis :

For the purpose of estimating the yield strength of UOE pipe, stress-strain curves
accompanying cyclic straining were investigated. When the stress-strain curves of
original plates and those after prestraining were given by 0c=C0OenO and o=C'en',
respectively, C/CO and n'/n0 were associated with prestrain Ap;C'/C 0 =-3.57Ap+0.991
and n'/n 0=-6.93Ap+1.00. During cyclic loading in compression-tension-compression, if
the 2nd strain (A2) is smaller than each of the 1st A1) and 3rd strain (A3), the stress in
3rd loading is equal to that in 1st loading at A1+A3-A2. The Bauschinger effect in 3rd
loading is affected solely by the strain immediately preceding. Based on the results, a
method to calculate the yield strength of UOE pipe was proposed. If either nO and CO,
the stress at 4% strain and tensile strength, or lower yield strength and yield elongation

1s given, the yield strength of UOE pipe can be predicted in accuracy of +2kg/mm2.
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For the purpose of estimating the yield strength of UOE pipe, stress-strain curves accompanymg

cyclic straining were investigated. When the sitress-strain curves ol original plates and those after

prostraining were given by o==Ce ¥ and F=CEe", respectively, C'/Cy and #'/ny were associated with

prestrain Ap; C/Co=—3.572,+0.991 and n'/n,=—6.934p+ 1.00.

During cyclic loading in compression-tension-compression, if the 2nd strain (4,) is smaller than each of

the Ist (1) and 3rd strain (d3), the stress in 3rd loading is equal to that in Ist loading at A;+43— 25

The Bauschinger effect in 3rd loading is affected solely by the strain immediately preceding. Based on

the results, a method to calculate the yield strength of UOE pipe was proposed.

If either #y and C,, the stress at 4% strain and tensile strength, or lower yield strength and yield

elongation is given, the yield strength of UOE pipe can be predicted in accuracy of + 2kg/mm?
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| Chemical compositions (%)
Original plate Grade ) o . e
| ¢ i si | Mn p | s ‘ Nb |V Mo  Ni
————— e m— . ———— ! - ! e e e = — .I.... _—— ———— ! .
P1 X42 | 017 | 0.03 | 1.08 | 0.014] 0.013‘ - ‘ R
P2 X52 ‘ 0.15 | 0.24 | 1.26 | 0.019° 0011 0.006 - | — & —
P32 X52 0.15 | 0.24 | 1.44 0.019; 0.010 0.028 - | — -
F4 %52 0.14 | 0.24  1.28 , 0.023 | 0.0031 0.016 = — - =
P5 X52 | 014 | 0.24 | 1.28 ° 0.023] 0.008 0.016| — — ‘ —
P6 X52 | 0.14 | 0.28 | 1.3¢ . 0.020: 0.008 0.016 — - 0 =
P7 X52 ‘ 0.35 | 0.24 | 1.26 0.019: 0.011 0.016  — — —
- - S R S B
P38 X 60 b o.13 ' 024 1.35 : 0.016 0.008 0.028 0.017 —
P9 X 60 0.13  0.24 135 | 0.016 0.008 0.037 0.032 — --
P10 X 60 0.12 . 0.26 , 1.35 | 0.0i9: 0.006 0.028 0.020 —
P11 X 60 0.12 | 0.24 L 1.40 ; 0.012 0.004 0.037 0.020 - —
| ! i
P12 X 60 0.13 © 0.24 : 1.35 ' 0.014| 0.005 0,035 0.017 — —
P13 X 60 0.08 | 0.22 . 1.63 0.013! 0,005 0,035 0.03¢; — —
Pl4 X 60 0.08  0.28 | 1.53  0.015| 0.005 0.0311 0.031 | - -
P15 X60 0.08  0.25 | 1.41 0.009; 0.005  0.03% | ' 0.230 -
o - T e N o :
P16 X70 ' 010 \ 0.27 | L.52 | 0.010 0.004 | 0.043 | 0.036 1 - —
P17 X70 0.11 . 0.27 | 1.35 | 0.007 0.003, 0.036 0.033 —
P18 X70 ;011 0.21 ° 1.40 0.006‘ 0.004 0.036 0.043 — | 0.34
P19 X70 0.06 0.20 ; 1.69 | 0.007‘ 0.003 0.040 0.030. — | —
P20 X706 0.08 026 140 0007 0.004 0.036 0.0331 0.210| -~
P21 X 70 0.06 0.21 ' 1.71 1 0.006  0.003 | 0.043: — 0.234 1 -
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Table 2 Tensile properties of original plates

Origi- : ;ThiCkJ Tensile properties

nal  iGrade ness | i o T Elonga-!

i Jo.s : TLYR . P Ty, 04 . OTs i A H i Cy ‘
plate i (M (e /mme) Chg/mmty A Chg/mmty (kg/mmey YR SR M (kg/ment)
P1 | X42 | 20.0 27.3 | 26.9 0.016 ‘ 36.8 ‘ 44.0 | 0.611 i 32 0.3081 99.8
P2 X52 20.3 43.2 41.9 0.020 °  51.0 58.1 0.721 46 0.241 111.1
P3 X522 20.3 47.3 46.3 0.025 ° 521 60.1 0.770 45 0.214 104.2
P4 X522 13.0 41.5 41.2 0.020 48.8 53.3 0.773 1 39 ' 0.208 97.7
P5 X522 15.7 45.0 43.1 0.022 51.0 56.2 0.767 41 0.216 102.6
P56 X522 19.3 40.1 40.9 0.015 48.5 55.5 0.737 | 42 . 0.216 97.6
P7 X52 20,3 44.0 41.0 0.021 47.5 56.8 0.722 ! 40 0.265 106.0
P8 . X600 20.3 4.7 43.6 3.025 } 50.5 58.7 0.743 ' 42 0.248 112.9
P9 X60 . 20.3 16.7 45.3 0.020 ¢ 52.7 60.2 0.752 45 0.223 108.4
P10 X60 9.5 416.8 46.3 0.026 52.4 57.4 0.807 39 0.188 95.5
P11 X606 14.3 54.0 51.8 | 0.033 5.8 , 59.2 0.875 37 0.171 97.1
P12 - X60 - 20.3 47.5 46.2 0.022 51.0 ° 59.8 0.773 39 0.228 104.0
P13 X60 20.3 47.0 44.9 0.023 54.0 56.4 0.796 39 ' 0.208 95.2
P14 X60 9.5 49.2 48.1 0.030 52.0 , 58.4 0.824 38 0.186 95.7
P15 X600 14.3 52.4 52.4 0.000 61.0 62.8 0.834 36 0.134 94.2
P16 X70 25.0 47 .4 45.8 0.022 51.7 ‘ 57.9 0.791 51 0.197 - 68.1
P17 X70 250 46.5 44.5 0.030 49.2 56.6 0.786 ‘ 45 0.215 99.9
P18 X700 20.3 52.0 51.0 0.020 57.8 63.2 . B07 48 0.182 0 104.1
P19 X770 ; 18.3 56.2 53.6 0.036 ., 56.5 h8.4 0.918 43 0.130 . 86.1
P20 . X70 . 20.3 47.0 47.0 0,000 60.5 65.8 0.714 | 45 0.189 . 113.1

X70 i 18.3 49.2 49.0 60.7 64.0 41 0.147 © 99.8

P21

0.000

.5 - Stress at 0.59% total strain FLYS

go.od - Stress at 4% plastic strain ars
7o ¢ Work hardening exponent Cy:
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Table 3 Circumferential strain history in outer and inner surfaces of UOE pipe

Strain
Location from , U ' OB ' 0s E : F
weld seam ; I .
'Outer |Inner | Outer Inner «Outer Inner  Quter Inner ‘ QOuter  Inner
~__ surface eurface i surface aurfa_g_e___s_gr_fage surface surface surface | surface surface
i | :
30° - ! +4oB ! —oB . —dos | —dos + Ar i +ie . —dw + 4
: \ : ; . i
: . . I R .
135° R AT I — Aug ; (@it —inB)‘%— (Aduz—des) —dos | —dos | +Ae | +ie . —dr  +dx
180" B i1 | — A 1 (Avy— dowy+ (dve—4dor) —dos , —dos « +aew - +de —ir + Ax
J ! :

U: U ing OB : Bending in O-ing process OS5 : Shrinking in O-ing process E : Expansion
F : Flattening

J— 5 S
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Table 4 Calculated and observed yield strengths of UOE pipe

1 : 0 m {Obsery-

Location Calculated vaiues using | Calculated values using | Calculated values using ed
\
, from weld  #e and C, observed vo.0e And aws givs and RU o 1:,féeld "
' seam Cy oM Co . on oy sU{r;?g
Gl me e el w8
I - mm*)__mmé: o mm’)  mm?) mm?) _mm®)
P ] 180° 10.508‘998 38.0 0265'3681 36.9 032@‘1055‘403!393
P4 180° 0.208 7.7 |z | 0189 %0.0 1 438 | 0.232 | 104.4 ‘ 43.0 - 45.2
- —_ i ———— . P— S . i . —— . ) —————
Ps . 1807 0.216‘102.6 458 ! 0197‘ 9.5 6.2 | 0.220 | 102.2 a9 a4
pe | 180° 0.216  97.6  43.8 © 0.220 101.8 | 43.5 0.234‘111.1 | 46.7 | 4.0
po | 180° | 0.188 95.5 | a3 0191\ 97.3 . 445 ' 0.199 | | 435 | 462
0° | 07, 971 S| oae w3 ©.5 | 0163 9.6 | 481 | 460
P11 1357 | 0.7l 971 ‘ 50.8 ‘ 0162 943 | sl | 0.163| e3.6 | 407 | 480
wo° | oam | 971 | 496 a6 | 0162‘ 9.3 | 49.0 | 0.163] 93.6 | 8.3 | 4.2
P14 135° | 0.186 | 9.7 | 5.5 | 0213‘1057 | 46.4 | 0187 95.7 | 46.0 1 47.6
30° | 0.134{ 942 | 542 | 013 ea1 | 530 | - |- - 53.8
P15 135° 0134‘ 942 | 548 | 0.134\ 941 | 55.1 ‘ - ‘ — | 546
. 180° ‘ 0.13¢ | 9tz | 543 " o134 | ean ‘ 53.5 ‘ — | =] = lss
‘ 30° | 0.130 | 86.1 | 0.6 | 0.139| 88.6 | 49.6 | 0.152| 2.3 | 40.4 | 50.5
Pl 130 | 01%0‘ 85.1 \ 510 | 0.139‘ 88.6 | 51.6 | 0.152| 92.3 | 50.9 " 492
wo° | 0130‘ 86. 1 ‘ 50.9 | 0.139" 88.6 | 50.5 ‘ 0.152 | 92.3 | 499 | 98
30° 0147‘ 9.8 ‘ 55.0 | 0.156 ;1 100.6  52.6 |~ - | - | 52,2
P21 | 135° !‘0147‘998‘56.0|0156!006‘55.5‘ - | - | 53.0
180° ‘0147\993‘55.5|0 6] 1006 | 53.9 | |- - | 511

: Calculated yield strength of UOE pipe
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Fig. 10 Comparison of calculated and observed yield strengths of UOE pipe
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