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Synopsis :

The increasing energy demand has stimulated a considerable development of the high
strength oil country tubular goods with superior resistance against sulfide stress
corrosion cracking (SSC) and collapse failure in hostile environments. The experimental
trials of modified Cr-Mo steel casing have concluded that additions of Mo up to 1.0%, Nb
and B to 0.2 to 0.3% C steels provide 90 ksi(63.3kgf/mm**2) yield strength pipes with
superior SSC resistance. Multiple regression analysis has been made to estimete the
effects of various factors for the collapse of casing pipes and it is demonstrated that
residual stress of finished pipes is one of the most significant factors. This report
summarizes some metallurgical aspects in manufacturing process of these special

grades of oil country tubular goods.
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The increasing energy demand has stimulated a considerable development of the high strength oil country

tubulat goods with superior resistance against sulfide stress corrosion cracking (88C) and collapse failure in

hostile environments.

The experimental trials of modified Cr-Mo steel casing have concluded that additions of Mo up to 1.0 %, Nb
and B to 0.2 to 0.3 % C steels provide 90 ksi (63.3 kgf/mm?) yield strength pipes with superior $5C resistance.

Multiple regression analysis has been made to estimate the effects of various factors for the collapse of

casing pipes and it is demonstrated that residual stress of finished pipes is one of the most significant factors,

This report summarizes some metallurgical aspects in manufacturing process of these special grades of oil coun-

try tubular goods.
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Fig. 1 Relation between SSC threshold stress

o, and yield strength gy of 0.2 te 0.3%
C steel pipes
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Fig. 2 Relation between critical cooling rate for
martensite formation obtained by the CCT
diagrams and Mo content of 0.2% C-1%
Cr-Mo steels
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Fig. 6 Relation between SSC threshold stress oy,
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Table 1 Chemical composition and mechanical properties of SSC-resistant Cr-Mo steel pipe

Pipe Chemical composition (%)
dimension
{mm) C Si Mn P 5 Cu Ni Cr
KO0-90 55
specificafion 0.15/0.35 =0.35 =1.00 =0.030 =0.015 =0.30 <(0.10 | 0.80/1.60
138.7 O.D.
«18.421 0.20 6.27 0.84 0.010 0.005 0.02 0.02 1.47
Tension testing
Heat
Mo Nb B Al N treatment Yield strength | Tensile strength | Elongation
psilkgf/mm2) | psi(kgl/mm?) (95)
Tempering temp. | 0 000,105 000 Same
0.15/1.10 | <0.050 | =0.0040 Pering LemP 100 000/115 000 ired
2649°C (63.3/738) | (70.3/80.8) |py API apec.
0.7 0.0 ) ! ] Quenched at 950°C 97 700 106 700
31| 00007 | 0069 | 0.0058 |7, eredat700C|  (68.7) (75.0) 319
Hardness (HgC) testing Prior austenitic SSC(NACEjtesting
grain size
Max Max. Ave Threshold/Specified
: variation ' Min. min. yield strength (%)
24.0 4.0 5.0 275
20.5 1.7 19.8 10.5 95
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Table 2 Multiple regression analysis of collapse 33 % i
strength .. ]
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Formula (1) ! p=a, +ax(D/t) '+ agu+ e & +aso, + asan
p . Collapse strength (psi}
w(Ovality) =2{Dyaz — Dunin) A Dax + Dinin}

&(Eccentricity) = 2(twax — tmin)/ (#nas T Imin)

&y . Yield strength {(kgf/mm?)
g . Residual stress (kgf/mm?)
measured by slit method
. 95% Multiple
Regression } .
O confidence Judgement | correlation
coefficient ) ..
interval coefficient
a | —14 0350 + 508 .
az | 292 670 * 6995 LI
az | — 450 + 288 ..
0.979
a, | — 22 + 20 *
as 110 + 7 L]
as | — 77 + 6 LI

* » Significant at 1% level
+ Significant at 5% level
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Table 3 Chemical composition and mechanical properties of high collapse resistant steel pipe

Chemical compasitien {25}

Tension testing

Pipe
dimension - .
. Yield strength [Tensile strength
(mm; ¢ Si Mn P 5 Al psi(kgf/mm32) psi(kgl/mm?2)}
Specification of ,
K0 -95T and <0.35 | =035 | =<1.60 | £0.030 | £0.030 | =p.q0 | %000/125000 | 2110000
KO-105T (66.8/87.9) (271.3)
masol | o2 | 02e | 139 | 0017 | 0004 | 0039 1(185159530 1(2858310)0
Residual Coll‘apse .
Elongation stress resistance (psi)
{%) psilkgt/mm?) Min. Max.
Same
as required
by API spec.
KO-95T
8 850
30.9 U] 13 260
K(-105T
9 350
| 1
15
;—% - 11 900
=8
= - v
& vgY )
o - KQ-105T« * %
~ .. '
w A b ] =
: 0 Y E
3 10 v =
o] N =
- RN ",’v
e °
r KO-95T "3
\_\
. . { 500
[ Min. value specified in B
5 APISAC C-95
L 1 1 1 L 1 .l.-‘ N
15 20

Fig. 11

KO-95T and KO-105T

Relation between collapse strength and D/t of high collapse casings
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