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Abstract Percentage elongation after fracture is a typical index to characterize the plasticity of the pipe, and the partial
size of the pipe such as the welded joint can not carry out a single-axis tensile test, and it is necessary to complete the sampling
and testing with the help of micro-specimen test methods. As a micro-specimen test method, the small punch test can be used to
obtain a variety of mechanical property parameters. In the current study, the key parameters such as the maximum displacement,
the corresponding displacement of the maximum load and the arc length after fracture are correlated to the percentage elongation
after fracture of the material mainly through the empirical correlation method. However, the applicability of the above method to
pipeline steel is not clear, making it impossible to directly apply to pipeline steel materials. In view of this problem, firstly, the
applicability of the above-mentioned empirical association method based on different characteristic parameters to pipeline steel was
discussed, and then a simplified calculation method for arc length after fracture was provided, and an empirical association
formula based on the arc length after fracture for the pipeline steel was formed. On this basis, the thickness effect correction was
carried out, and the empirical formula for determining the percentage elongation of pipeline steel material after fracture was
established based on small thickness specimens and the reliability was verified. The results show that the maximum error of the
percentage elongation after fracture determined by the empirical association formula based on the simplified calculation method of
arc length after fracture is 5. 08%, and the maximum error of the thickness effect correction formula for the calculation result of
small thickness specimen is 5. 53%, which proves that the established empirical association formula has good fitting effect and
good applicability to pipeline steel, which can provide a theoretical basis for the calculation of percentage elongation after fracture
in the local area of other steel grade pipelines.
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Tab.1 Chemical composition of X56, X65, X70 and X80 %
C Mn Si S P Nb Mo A% Ti Cr Cu
X80-1 0. 043 1. 870 0.230 0. 003 0.010 0. 060 0.270 0. 006 0.017 0. 025 0. 130
X80-2 0. 060 1. 810 0.270 0. 002 0.011 — 0.310 — 0.015 0. 020 0.280
X70-1 0. 080 1. 650 0.200 0. 003 0.015 0. 040 0. 100 — 0.012 0. 180 —
X70-2 0. 061 1.53 0.24 0. 001 0.011 — 0.234 0. 005 — 0. 031 0.012
X65 0. 090 1. 350 0.220 0. 003 0. 001 0. 030 — 0. 035 0. 025 — —
X56 0. 130 1.30 0. 500 0.015 0. 020 0. 055 0. 030 0. 080 0. 030 0. 100 0. 150
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Fig. 1 Tensile specimen and small punch test device
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Fig.3 Load-displacement curves of the small punch specimen
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Tab.3 Specimen parameters of small punches of

SR B A0S0 A8 T 5 0 A< AMorent grades of plpe st m
. . s . XI5 A1 K} Test material d, 5
BEIZ 2 IR, 12 S TN R gy e e D
L KM R N d, SR & MnER, /N X80-1 0. 502 1.819 2.107
AT ARAS A AR s o B XA 11 388y -5 % 1T e 0. 505 1.808 2.087
— N . P 0. 502 1.895 2.169
I3 B, I3 AT NP IR AT 28, 1 <50 e s o
FhE R AT RS B KRR SR, Y951 14 3, 0. 503 1.858 2. 162
0. 501 1.706 2.134
5] 4 2 1 S 1t I Y <2
£2 FRAELEENAMREHET MR X701 0. 500 L 704 5 177
Tab.2 Percentage elongation after tensile test fracture of different 0. 499 1.792 2147
grades of pipe steel % 0. 497 1. 687 2.029
IR Test material X70-2 0. 497 1.742 2.009
X80-1 X80-2 X70-1 X702  X65 X56 0. 500 1.756 2.183
g 0. 500 1.771 2.197
Percentage  21.95 21.84 21.32 21.58 22.28  21.57 X65 0.499 1.770 2.027
elongation A 0. 497 1.780 2.116
0. 499 1.826 2.152
. o . . . X56 0. 501 1.771 2. 115
2 I KEHEMBHERKERENE 0. 500 1.777 2.123
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15}
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Tab.4 Percentage elongation after fracture of different grades of pipe steel calculated by formula (1)

. .Jt_lj' 5 B2 T)ﬂhﬂiﬁ 8 WrE R ' l’ﬁﬁ}ﬁﬁﬂﬁ%ﬁ%ﬁé
Steel Yield strength Tensile strength Yield ratio R,, /R Percentage elongation Percentage elongation error
R, /MPa R, /MPa e after fracture A, /% after fracture e, /%
32.27 46.76
X80-1 585. 666 689. 303 0. 850 33.31 54.65
32.50 45.59
34.87 57.44
X80-2 545.01 655. 730 0. 830 35.49 65. 83
34.59 57.40
34.21 55.34
X70-1 563.074 623.919 0.902 35.29 65.53
34.53 59.73
31.86 40.92
X70-2 579.333 644. 667 0. 899 31.35 38.24
35.44 57.94
35.80 63.08
X65 553.41 626.773 0. 883 31.61 42.36
34.07 50. 10
34. 66 60. 83
X56 531.173 625.733 0. 849 33.73 56.28
33.93 57.22
| d, A I, DR E (5 ) W8 A A A, 45 R ANk 5 fr
SO (R e s LRI §FR (5 S B RS (0 2

Ky, vy, HHXRE.
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A b e R AT X B B 5 W S AR ROR Z R OC R
IR (4) PR R y, vy, , B

(5)

K (5) LA AR B WIS R 1 7E B Y
10% ~55% , 2= SCWF 57 58 1 O WT I K R (B S e by

d
A, =8. 6320% - 1. 6940
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2.3 ETHENKNEEHEKERER X
G115 £ L1213840 A5 4034 40 N35696 25 b AL/
TR B TS PR B2 T R/ o AT R T 5
P BT IS (I SR B AR DG T R B
A, =31.979S - 169.31
Ao, S /N R S K, mm
SCHRL 127754 sp AT I IR 2 2 B i B 4

(6)



1066 HL M

5k

P

2024 4

DIEJG B0CRE 5 P R0 5 07 ik D0 i o ) W S
I, AR T —Fh AL TSRS IR B 7 3k | i
ALK H A O 8 S 4 g —2F  An i 4 Bz o I ]
iBRa R R W

L . sin’6 cos>6
S =6 - sin 26/4m[ o T 3
21 (2aw - L) (L - 26m)
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a—20
h = 9
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AL R K, mm; 0 HEOMH,0€ [0, 2] 5a
J 3 R K I K2R mm ;8 K RS mm,
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(a) ZMITFFIRARE

(a) Small punch specimen

a

N\

(b) /M FFRFE R T E I
(b) Arc length after fracture of
the small punch rod specimen

4 /T iRe B TR I
Fig.4 Small punch specimen and its the post-break arc length after

fracture

x5 BAX(5)HTENTRRNEEER/NPIFRERETEMHRKE

Tab.5 Percentage elongation after fracture of small punch rod specimens of different steel grade pipes calculated by formula (5)

W K W 0 R I K W I K2
kel Percentage elongation Percentage elongation error after k) Percentage elongation after Percentage elongation error after
Steel after fracture A /% fracture e,/ % Steel fracture A,/ % fracture e,/ %
39.87 33.82 34.07 22.2
X80-1 40. 56 34.78 X70-2 37.20 26.51
39.33 33.08 37.40 26.78
44.85 41.44 38.25 29.61
X80-2 44.18 40. 49 X65 38. 40 29. 80
42.56 38.23 39.37 31. 14
34.57 27.92 41.37 38.59
X70-1 39.56 35.21 X56 38.25 33.61
39.44 35.34 38.59 34.37
R 6 ARNFEEMPERIMK
Tab. 6 Arc length after fracture of post-break arc of different steel grade pipes’ steel
Gk WrR I ik WrR I
Steel Arc length after fracture S/mm Steel Arc length after fracture S/mm
7.231 7.122
X80-1 7.240 X70-2 7. 191
7.211 7.357
7.335 7.254
X80-2 7.347 X65 7.118
7.326 7.379
7.234 7. 094
X70-1 7.177 X56 7.152
7. 147 7. 106

3 ET/NiFilE s EE W ERKEHE
FiEHR

P B /N AT I IR B E BB W BT fR R K &
ST BB T LRI, B A SO TR B0

3.1

JEAFHR A5 BB 7 (56 45 2 A (AR F IR 25 1E 209%
DS S T N s R s (VR e /AN N YR 7 S N )
B ARSI A4, DRIk SCHIK 1) 2 20 A8 T 9 1)
FIPEAR, RO (5) 00 A B B A ST T A #131
FARZER, FrA FZ (1) K (6) R T, B
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R,
A, =11.928 + 2.37018/1 (10)
A, =-5.3633 + 3.76228 (11)
ST ARSI A /N b AT R 2 i -2 8 il £
I KA , K/ IS FF e T J5 I 5 7 /5 R Y
KR FR, NE 5 K6 i,

415 420 425 430 435 440
BRI 5 1A B B E A

Ratio of the maximum displacement to the
thickness of the specimen d /¢

5 B A R 5 AT Bz P32 8% 22 ] ) 56 2R

Fig. 5 Relation between the percentage elongation after fracture

22320

s A =11.92779+2.37011 6 / ¢

<228f ¥

e R2=0.263

S 204t

[ =1
¥ 5
ﬁ“s 220r - X80-1
Zc = X80-2
D2 )y 6} . 7 X70-1
= 2 X70-2

8 X65

2124

s = X56

<

g

o

5

[=9

and the displacement corresponding to the maximum

load
£ 2321
=+ X802
281 X704
X70-2
224 X65
8 X56

Wi

Percentage elongation after fracture A

A4,=-5.36327+3.76217 8
R*=0.507

710 7.5 720 725 730 735 740
Wi 59K Arc length after fracture S/ mm

P 6 I RS TR 9T 2 [ 58 2
Fig. 6 Relation between the percentage elongation after fracture and

arc length after fracture

HIPE 6 AT LA B, /I b AT SRE I 9 5 W i
KRB M i, IR Z AR 7 o, 3R 7 W LR
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4, AT LA IR St 100 0 /5 R
3.2 BEEYMHR

P T R BRI, 7 B I 72 B3 s o V52 B ) /DS oA
TRRE | Qe 45 8 A X e, R G A a BT R 3T/
JEERE AR /N P AT 0 R R AR A O TS (R

LI X80 4 Ay WF 7T Xt 4, XiF JEE B 43 Gl A 0. 250,
0.300.0. 350.0. 400 ,0. 450 mm 1)/ hFFRAEFEAT /1N
AT, 6 r A5 2 far -2 A% i 26 an 1l 7 o, /i
FRREE R K B R G K 225 T3 8, B e
(10) THEAE M WS PR R Sk (10) X484 /NE BE
NPT RE RS T TR SR SR 9 iR, K 9
AT LA B, BE A U R B U N T3 5 ) iR 22
TR, AR E 4 0. 250 mm I 1% 22 3K 2 i K
23.26% , B 7™ 5 i 5 Al p R, DR R
JEE 255 XoF BT AT R Yy s

X AR R 2 0 /0 Ui — B TF 5 S8 EOU
FE/INFT-R R JEE B X A 22 50 S B 3 T 3 1)
S, BSOS [R) R B /N o AR O T F O, 4597 5 ke
JEREZ A CEC R, el 8 Fim, & 8 HilE &
SRS R CR LTI R WA &
BAR (1) #E T —EE, E (1) A —4
R SR E R 56 1 BRI, LA I SR 31 193 JEE B8 500 07 ok T i
RGN KR,y

S
A, =—5.3633 + 3. 7622m

o f() R SRR ARG R R

1 X80 4K HL AP 56 45 5 L B 8 H T 9k
KGR R 4 5 2R B0 BREL (1) MFEATE L,
K(12)BIEH

A, =-5.3633 + 3.7622

(12)

— (13
0.415¢ + 0.755 (13)

F7 RIS R E WP E B RN P AR R R BT S K

Tab.7 Percentage elongation after fracture of small punch rod specimens of different steel grades of pipeline steel calculated

by arc length after fracture

i 1 o I e

LRSS W i AR e 22

f?jjl— Percentage elongation after Percentage elongation error i?:j Percentage elongation Percentage elongation
fracture A /% after fracture e, /% after fracture A, /% error after fracture e, /%
21. 84 0.50 21.43 5.08
X80-1 21.88 0.34 X70-2 21.69 3.93
21.77 0. 84 22.32 1. 16
22.23 1.79 21.93 1. 60
X80-2 22.28 2.00 X65 21.42 3.89
22.20 1. 64 22.40 0.52
21.85 0.92 21.33 1.13
X70-1 21. 64 0.07 X56 21.54 0.12
21.53 0.59 21.37 0.92
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24 - . 6.8 -
X80-0.450 mm i ° X80-0.250 mm
X80-0.400 mm > = X80-0.300 mm
X80-0.350 mm o 06 v X80-0.350 mm
P8 X80-0300 mm g X80-0.400 mm
> X80-0.250 mm é & 4 7 X80-0450 mm
= ol
1.2 ‘Jé‘*a
K w5621 §=4.990 7+3.9621
3 5 R*=0.966
& 6 g
. 6.0
® Tg :
=
58 1 1 1 1 1 1
0.0 i . . ) 0.25 0.30 0.35 0.40 0.45 0.50
0.0 0.6 12 1.8 24 WAL Specimen thickness 1/ mm
i l . &y ) o, Ry
fr# Displacement u / mm Bl ORI SIS 2 G R
&7 X80 #{/NE FEiRAE 1Y 2% fr -7 % th 2k Fig. 8 Relation between specimen thickness and the arc length after fracture
Fig. 7 Load-displacement curve of a small thickness specimen of F10 R (13)iTER X80-1 X HEH BT F MK E
X80 steel Tab. 10 Percentage elongation after fracture of X80-1 steel

specimens calculated by formula (13)

BRI e R RRBLE

*8 X80 M/NEEREFESE

Tab.8 Parameters of small thickness specimens of X80 steel

Specimen Experimental Calculated Percentage elongation
mm thickness vallljw N '/% valuf-’/l /% error after fracture
Ay, 2 A,
iﬁﬁgf}? t/mm eAsp/%
Specimen 20. 50 6. 62
thickness 0220 0-300 - 0.3500.400 0-450 0.250 21.95 20. 53 6.46
l 20. 59 6. 20
1.426  1.661 1. 697 1.761 1. 877 21.56 1.78
5 1432 1522 1.677  1.818 1. 848 0.300 21.95 20. 69 5.73
1.441 1661  1.649  1.795 1.877 21.56 178
5.903 6.294  6.463  6.557 6.730 21.65 -39
: : T : ' 0.350 21.95 21.52 1.96
S 5.911 6.091 6.433 6. 642 6. 687 21.35 274
5924 6.294  6.392  6.608 6.730 2142 2 41
0. 400 21.95 21.77 0.83
#9 BN (10) &R X80 WIXFERIBET FHKZR 21.63 1.46
Tab.9 Percentage elongation after fracture of X80 steel specimens 21.52 .95
0. 450 21.95 21.35 2.73
calculated by formula (10)
21.52 1.95
BRI R G e W A R 22 . s .
Specimen E errifnenlal Caleulated Percentage elongation 11 BHX(3)IHTENTRNAEERRENT KR
LXper & alc’
thickness ) P . error after fracture Tab. 11 Percentage elongation after fracture of steel specimens with
value A,/ % value A,/ % /o
#/mm Casp” 70 different steel grades calculated by formula (13)
16. 85 23.26 LRSS Wi i W i i 22
0.250 21.95 16. 88 23.12 A Arc length Percentage Percentage elongation
16.92 22.90 Steel after fracture  elongation after error after
18.32 16.56 S/mm fracture A,/ % fracture e, ,/%
0.300 21.95 17.55 20.04 7.231 22.85 3.92
18.32 16. 56 X80-1 7. 240 22.91 6.37
18.95 13. 66 7.211 22.76 1.98
0. 350 21.95 18. 84 14. 17 ; ;ii ii iz g ;i
18. 69 14. 88 X80-2 ’ ’ ’
7.326 23.24 5.74
19. 31 12. 05
0. 400 21.95 19. 63 10. 59 7234 22.91 4.05
’ ' ’ ’ X70-1 7.177 22.69 6.43
19.50 1118 7.147 22.57 4.41
19.96 9-08 7.122 22.51 0.44
0. 450 21.95 19.79 9.82 X70-2 7,091 22.39 1.28
19.96 9.08 7.357 23.39 4.25
R . . . 7.254 22.99 4.74
F ST T R /N B R T T I A e A ST X65 7.118 22.47 1.22
FUEFHBER MR 2 A, A (13) %A E 737 .2 >
y ) — \ y e 7.094 22.37 3.78
BRI R R AR R e T 2y s
FOFTAL L, 15 2 W5 RN 10 3% 11 PR, 7. 106 22.41 3.86
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TIOAE SR A e KR 220 9. 25% , IE A 1&
1E A AU 2250 SIS AR X80 4 /85 1Lk A X80,
X70,X65 X56 FRR R iR HAT R A3 M
3.3 EEREEMMMAXMEIERITIS

S RIE LR IR A 2 IE P, 1 X80-2 Ht vk
(1) 7 INJEE B R X 28 56 A SR AT 30IE , 43 2R 4 7 PR 7
6 A K R R BE 0. 250 ~ 0. 500 mm 47 #h AT it
B, 3 Ar-N A iR A1 o R IR 25 SRk 12
o WS IREAE M I KIRZEN 5. 53% , #F— 2530
A SO ST 19 28 30 SR I5E A XX /0N RS B il e s FH
[E5/ToN

25 -
— X80-0.250 mm
—— X80-0.300 mm
2.0 + — X80-0.350 mm -~
—— X80-0.400 mm e ™~
z T X80-0450mm = !
2 15— X80-0.500 mm
s,
= P
g
2 10 F
&
Eied
0.5 -
00 1 1 1

1
0.0 05 1.0 1.5 2.0
L% Displacement # / mm

P19 AR EERE X80 MRk L e fiy- A% il 2k
Fig.9 Load-displacement curves of X80 steel verification groups

with different thicknesses

F12 K (13)ERAMBIELR (X80-2)
Tab. 12 Applicability verification results of formula (13) (X80-2)

MRS WOEIK e IO BUARER
L a

Specimen  Arc length . Calculated ~ 1%2% Percentage
8 Experimental .

thickness  after fracture lue A_/% value  elongation error after
t/mm S/mm vae Lgs 7 A/ % fracture e,/ %
0. 250 5.934 20. 63 5.53
0. 300 6.275 21.48 1. 66
0. 350 6.438 21.54 1.37

21.84
0. 400 6. 624 21.70 0.67
0. 450 6. 690 21.36 2.19
0. 500 6. 950 21. 80 0.18
4 #ig

AR X80, X70 . X65 il X56 F /N th AT FE K
X80 /INJEE B AE 8 A3 /N b AT 0 FRAE A I i A %
AIATPERERT T W IR 4 SR .

1) 3 38 560 TIF B A 26 56 20 X0 8 38 4K 938 M &
W R SR TR SR R 22 A 20% L L,
U BHIA A A BE T A5 1 4K ) B I %

2) 38t XTI 22 50 N KRB — DR R
/NPT R 9 DRI TR A 2 A b T I SR i 4
AR Hie KR 22 WA 5. 08% , Ui 18 1F )5 1 %%
FWT I A 1 28 36 DG 3R 2 =045 18 9 LA R A1 38

HtE,
3) H R RN (IR, X 2 06 S Bk S 2tk — 2
BIE B IE 5 ET AN [R]JEE R 1URE 1) W7 5 Ao KR 3R
2 RN 6. 62% , FIFHAFHEIR X80 FXHEIE J5 A=
FIMERR M AT B0 UE , e KR 250 9. 25% , IiF B AR S 3t
ST 2RI SIS A ROR B O A T AN A R AT
{438 I, A B FH T b A % A5 3 g 38 DX S T i o
KRR,
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