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Knowing the values of the Remaining Strength Factor - RSF constitutes a mostly useful tool for the application
of the proactive maintenance principles and for programming the maintenance (repair) works for the liquid
and gas transmission pipelines. This paper proposes and analyses the pertinent modalities for the definition
and determination of RSF for the transmission pipelines whose steel pipes have volumetric surface defects,
i.e. of the type local metal loss (locally thin areas, pittings, grooves or gauges-like flaws). The mechanical
strength of the pipes, with and without flaws, of a pipeline (through which liquids or gases under pressure
are flowing) is quantitatively expressed by: - the pressure value for which the pipeline reaches the serviceability
limit state, named Maximum Allowable Operating Pressure — MAOP; - the pressure value for which the
pipeline reaches an ultimate limit state (global yielding / plastic collapse, fracture following crack growth or
failure / bursting of pipes). The equations presented in the paper for the determination of the pressure at
which the pipelines (with and without flaws) reach the ultimate limit state have been analysed on the basis
of the results of their application for the case of pipes (with and without flaws) that have been the object of
some experimental programs, consisting of their internal pressure testing, up to bursting; the validation and
qualification criterion for each equation has been constituted by the concordance between the bursting
pressure values obtained by using the equation and those determined experimentally. The results available
in literature regarding such experimental programs have been used, together with the results of an
experimental program performed by the authors and presented thoroughly in the paper.

Keywords: Pipeline (with or without flaws), Serviceability / ultimate limit state, Maximum Allowable Operating

Pressure (MAOP), Burst Pressure (BP), Remaining Strength Factor (RSF)

The flaws of the type metal loss (Locally Thin Areas -
LTA, Pittings - PIT, Grooves - GLF or Gauges — GAU), which
consist of the general or local thinning of the steel pipes
wall of the transmission lines, by means of material loss,
due to corrosion and/or erosion processes, represent one
of the most important failure causes of these pipelines
during their operation [1-3].

If, at the periodic inspection of the technical condition of a
pipeline, flaws of the type metal loss are detected on its steel
pipes, it is needed to evaluate the remaining mechanical
strength of the pipeline and to ascertain which one from the
following decisions is pertinent: a) the qualification of the flaws
as belng imperfections and maintaining the pipeline in service,
without performing maintenance works and without
decreasing the operating pressure; b) the qualification of the
flaws as being defects and the reduction of the pipeline
operating pressure, until some corrective maintenance works
are applied, with or without removing the pipeline from service,
consisting of the consolidation (by applying patches, sleeves,
composite materials wraps etc.) or the replacement of the
pipes with flaws.

A simple and efficient modality to express the degree in
which the flaws existing on the steel tubes of a
transmission pipeline affect its loading capacity and the
measure in which it is acceptable to operate a pipeline
whose tubes contain flaws is represented by the Remaining
Strength Factor (RSF), defined as the ratio between the
value of a characteristic that expresses the mechanical
strength (or the maximum allowable mechanical load) of
the pipeline with flaws and the value of the same
characteristic for the pipeline without flaws.
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In the case of the onshore (buried) transmission
pipelines, the main mechanical load is given by the internal
pressure (of the transported fluid) and RSF is therefore
correlated with the ratio of the pressures from the pipeline
with and without flaws for which, in its steel pipes, the
conditions of a serviceability limit state are attained.
Because the serviceability limit state of a pipeline is the
condition beyond which the pipeline does not meet its
functional requirements, and in the design process it is
required that stresses and strains generated in the steel
tubes wall during pipeline operation should be of elastic
nature only, RSF is correlated with the pressures at which
it is reached the limit state characterized by the occurrence
of plastic deformations in the most loaded areas of the
pipeline, determined by the fact that the intensity of the
stresses generated in these areas attains the level of the
(effective) yield strength R of the steel from which the
pipes are manufactured.

Nevertheless, when designing the pipelines, a
serviceability limit state is (conservatively) considered;
such condition is reached before the one previously defined:
the state for which the stresses in the pipes walls attain
the level corresponding to an allowable stress 6, = F R,
whereR < RS is the specified minimum yield strength of
the steelfrom Which the pipes are made, and F < listhe
design factor, defined as a function of the locatibn class of
the pipeline, the quality of the welded joints on the pipeline
etc. As a result, the pipelines designed and constructed
adequately have a loading capacity reserve which allows
for the small flaws generated during their construction and
operation to be able to be tolerated, that is to be qualified
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as imperfections, whose presence does not affect the
operational safety and their functional characteristics, and
one can define a (minimum) allowable level for RSF, with
the symbol RSF (RSF = 0.8...0.9 [2]). In these condltlons
the Maximum Allowable Operating Pressure of a plpellne
with flaws (damaged) MAOP, can be determined using
the formula:

MAOPd—mm[RSF 1}maop, (1)

MAOP being the Maximum Allowable Operating Pressure
of the pipeline without flaws (new). The decisions that canbe
taken after the evaluation of the technical condition of a
pipeline containing flaws are:

a)if RSF e” RSF , the damaged pipeline may be placed
back into and maintained in service without the modification
of the operating regime for which it has been designed (MAOP,
= MAOP);

b)if RSF < RSF , the damaged pipeline must be subject
to corrective mamtenance (repairs), and until their
application MAOP, shall be decreased to the level
determined by applying equation (1).

The criteria for decisions making that have been
presented above are effectively applicable, because the
standards, Codes and Norms referring to the structural
integrity analysis of transmission pipelines specify the
modalities of determining RSF taking into account the stress
concentration or intensification effects determined by the
configuration and the characteristic dimensions of the
flaws detected on their steel pipes; usually, the
characteristic dimensions of the metal loss flaws detected
on the steel tubes (with the outside diameter D, and the
wall thickness ¢ ) of the transmission pipelines are ‘the ones
indicated in figure 1: maximum depth d , length or
longitudinal extent s and width or circumferéntial extent
C, while the formuld used to determine RSF is [1,2]:

1-kgqdrp
kz;irp (2
d
k being a coefficient taking into account the configuration
of the longitudinal profile of the flaw (k, = 0.67...1), d -

RSF =

commonly calculated with the recommended formula
(together with k, = 0.85) in [1]:

My = \Jag + a;5%, + azshy, if s,,<7 or

My = by + bys2,, if s> 7.

with a, = 0.6275; a, = - 0.003375; b, = 3.3, b, =
0.032. %equatlon (2) can also be used for a more exact
assessment of RSF, in case some flaws with a complicated
configuration are present on the tubes of the pipelines, if
we replace d,p = Arp, A,p being the relative area of the flaw,

App = ‘:_: (fig. 1).

When assessing the technical condition of the pipelines
transporting combustible fluids (crude oil, liquid petroleum
products or natural gas) it is important to assess the remaining
strength not only in relation with the attainment of the
serviceability limit states previously defined, but also in
relation with the achievement of an ultimate limit state
(failure / bursting of pipes etc.); the attainment of the
ultimate limit state, accompanied by the explosive failure
of the pipes, by the leakage and, eventually, the ignition of
a quantity of transported fluid from the pipeline, represents
the event (of maximum gravity) whose probability of
occurrence and whose consequences are taken into
account when assessing the technical risk attached to the
operation of transmission pipelines. Consequently, when
assessing the mechanical strength of the transmission
lines containing pipes with local surface flaws of the type
metal loss, it is necessary to take into account both the
value of RSF determined with equation (2) and also the
value of a remaining strength factor related to the
attainment of an ultimate limit state (of pipeline failure),
with the symbol RSF , defined by the ratio between the
Bursting Pressure of the pipes with flaws BP, and the
Bursting Pressure of the pipes without flaws BP

©)

RSE, = B”;‘ )

For the assessment of MAOP, for the pipelines with such
flaws, the following formula is proposed

; =% = _
relative depth of the flaw d,, = h and Ma=fs,p) —afactor MAOP, = min [mm [R_S?; 1] . min [Rsspu 1 ]~M A0P, (5)
s a ua
depending on the relative length flaw Srp = ooty whichis
RSF _being the (minimum) allowable level of RSF, (RSF,
= 0.7..0.9).
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Experimental part

In order to determine RSF, by means of applying the
definition equation (4), it is necessary to know the Bursting
Pressures BP and BP,.. Inliterature, a multitude of formulae
are proposed for the'assessment of the bursting pressure
of the pipes with or without flaws of the type metal loss, all
developed on the basis of the statistical interpretation of
the results of some experimental programs [4-10]. In order
to select the formulae recommended for the determination
of BP, and BP, for the transmission pipelines, the authors
have only considered the results of several experimental
programs which aimed at determining the bursting
strength of some steel tubes (with or without flaws) for
pipelines intended for the transportation of combustible
fluids (of the type of the ones recommended by [11]), at
which they have also added the results obtained by
performing their own experimental program. Using these
results, two experimental databases have been developed:
a) a database containing the results of the pressure testing
up to bursting of n, = 46 new steel pipes (without flaws);
b) a database contalnlng the results of the pressure testing
up to bursting of n, = 57 steel pipes with flaws of the type
metal loss. The content of the experimental database is
summarised in tables 1 and 2.

Our own experimental program has been achieved using
full-scale pipe specimen taken from pipes extracted from
a transmission line build for natural gas, on the occasion of
performing corrective maintenance works on this pipeline.
The pipes (spiral welded, with the outside diameter D =
508 mm and the wall thrckness t,=9.52 mm) from which
the specimens subject to internal pressure testing were
cut had on their external surface multiple metal loss flaws,

of the type LTA, PIT or GLF, generated by corrosion or of the
GAU type, obtained by local machining of the pipes surface
when cutting - with abrasive disks - some auxiliary parts,
assembled by welding and used (probably) for pipes
manipulation. Two pipe segments without flaws have been
selected, from which the specimens marked TF1 and TF2
have been made, while 6 pipes with flaws, marked T1...T6,
have been selected, and from each one a full-scale
specimen has been made. After selecting the pipes,
removing the corrosion protection layers from them and
cleaning their external surfaces, the pipes T1...T6 have
been examined and the characteristic dimensions of the
local surface flaws have been measured: d , s and c . As
an example, figure 2 presents the external appearance
and the details of the main flaws existing on pipe T1. Table
3 summarises the main information regarding the
characterization of the flaw state of all pipes (with flaws)
from which specimens have been taken [8, 9].

From the pipes ends, samples have been cut for the
determination of the tensile mechanical properties of
the steel used to make the rolled strip from which the
spiral welded pipes have been manufactured. After
performing the tensile tests of these samples, it resulted
that the steel has: the yield strengthR =R, . =375..390
MPa, the tensile strength R = 500.. 7530 MPa and the
elongatron after fracture A = 18...20 %. On this basis, it
has been assessed that tﬁls steel corresponds to the
grade X52 (L360 NB).

The full-scale pipe specimens have been provided at
both their ends with an ellipsoidal bottom (assembled
by welding), after which the connections needed to
perform the internal pressure testing have been welded

Pipe D., f, , Rm, BPjexs,
sympbol mm mm I\}};a MPa Mf;: Source
AA0D 88,9 4.0 336 486 121
AAOI 88.9 4.0 336 486 47.0
CA00 88.9 4.0 s12 642 579 5]
CAAOL 88.9 4.0 512 642 61.8
T1 206.0 2.0 900 1200 2438
T2 206.0 2.0 900 1200 245
3 206.0 2.0 900 1200 26.0
T4 206.0 2.0 900 1200 247
T5 206.0 2.0 900 1200 250
T6 206.0 2.0 900 1200 265 (el
T7 206.0 2.0 900 1200 26.3
T8 206.0 2.0 900 1200 245
T9 206.0 2.0 900 1200 260
T10 206.0 2.0 900 1200 25.0
ZHENGI 398 1.9 235 375 492
ZHENG2 38.9 2.1 235 375 552
ZHENG3 39.2 21 235 375 524
ZHENG4 389 22 235 375 50.0
ZHENGS 40.0 23 235 375 60.5
ZHENG6 39.8 2.4 235 375 67.5
ZHENGT 40.1 25 235 375 668
ZHENGS 39.9 25 235 375 632
ZHENG9 39.89 25 235 375 616 Table 1
ég}gg:? 40.0 2.5 235 375 64.0 CONTENT OF THE EXPERIMENTAL
e gg;g = 2 = e 3] DATABASE WITH PRESSURE TESTS FOR
ZHENG13 398 2.6 235 375 66.0 PIPES WITHOUT FLAWS
ZHENG14 0.0 2.7 235 375 66.4
ZHENGI5 40,1 2.7 235 375 64.0
ZHENG16 40.0 03 235 375 6.28
ZHENG17 40.0 03 235 375 583
ZHENGI8 40.0 02 235 375 532
ZHENG19 40.0 1.9 285 484 478
ZHENG20 40.0 02 235 375 512
ZHENG21 40.0 1.9 285 484 476
ZHENG22 40.0 1.9 285 134 45.1
UPGL 508.0 95 375 500 22.0
UPG2 508.0 9.5 390 530 245 (8]
SOL-1 323.6 8.5 356 469 251
SOL-3 3236 8.6 356 469 244
SOL-5 324.1 8.5 356 469 25.0
SOL-7 3216 8.3 356 469 225
SOL-8 3236 8.7 356 469 239 Y
SOL-9 324.1 8.4 356 469 33
SOL-14 3239 X3 356 469 245
NOR-3 273.1 53 389 502 172
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Pipe De, n dpy s, , Rm, BPaco,
syn?bol mm mm m‘;n m‘;n l\ffzpl;a MPa M]"ap Source
AA3L 88.9 20 0.8 79.0 336 486 39.0
AAH 88.9 4.0 2.0 45.0 336 486 34.1
AALA 889 4.0 2.0 93.0 336 486 26.7
AAIB 88.9 4.0 11 66.0 336 486 34
AAGF 88.9 4.0 2.0 200 336 486 36.0
AA3G 88.9 4.0 2.1 2200 336 186 212
ABI14B 88.9 8.3 6.1 134.0 324 457 07
ABI4E 88.9 838 62 240.0 324 457 314
ABGE 88.9 838 43 266.0 324 457 56.7
ABTI 88.9 3.8 6.1 128.0 324 457 471
ABIK 88.9 8.8 16 2.0 324 157 50.8 [51
AK3E 101.6 10.0 7.5 70.0 337 433 56.0
AK3F 101.6 10.0 8.0 200.0 337 433 283
AK3D 101.6 10.0 3.0 180.0 337 433 26.0
GWF04 7112 82 6.2 250.0 583 695 6.0
GWF06 914.4 106 7.2 250.0 529 670 6.4
BMI27 184.5 9.7 62 143.6 201 500 166
846077 14224 192 104 180.0 795 840 15.4
846014 1422.4 20.1 38 385.0 795 840 201
99457 9144 164 9.0 150.0 739 813 214
99437 914.4 164 6.0 450.0 739 813 240
UPG1 508.0 95 5.5 320 375 500 18.0
UPG21 508.0 95 6.0 40.0 375 500 17.5
UPG22 508.0 95 6.0 40.0 375 500 16.0 o
UPG3 508.0 9.5 55 12.0 390 530 18.0 (8] Table 2
UPG4 508.0 9.5 52 15.0 390 530 16.0 CONTENT OF THE EXPERIMENTAL
UPG5 508.0 9.5 5.5 1500 390 530 15.0
SOL-2 333 86 22 3.5 356 369 244 DATABASE WITH PRESSURE TESTS FOR
SOL-10 323.6 8.6 33 144.8 356 469 239 PIPES WITH FLAWS
SOL-11 323.6 8.6 27 127.0 356 169 217
SOL-12 333.1 8.5 22 508 356 469 216
NORI 273.1 52 1.9 408.9 389 502 16.7
NOR2 273.1 53 17 139.7 389 502 18.1
TNG-01 373.1 83 40 2413 409 481 212
RLK-1 6114 6.6 33 5017 402 534 94
RLK-2 612.5 6.4 36 1432.6 202 534 79
RLK-3 611.5 6.4 26 13716 402 534 98
BCG-1 2733 5.0 33 182.9 351 454 13.7
BCG2 273.0 47 2.6 483 351 454 13.3
BCG-3 273.5 i3 16 305 351 454 13.7
BCG-4 273.1 49 22 1016 351 454 152 0
BCG 273.9 4.9 1.6 457 351 454 15.0
BCG-6 274.1 5.0 22 1245 351 454 133
BCG- 274.4 16 2.7 66.0 351 454 12.7
BCG-8 2741 5.0 27 38.1 351 454 12.8
BCG9 274.5 48 2.1 1575 351 154 12.6
ESS-01 323.9 5.1 37 99.1 373 472 9.7
NOVO1 506.7 57 3.0 132.1 162 587 10.7
NOV022 | 505.0 57 33 462.3 462 587 8.1
NOV032 | 508.0 5.7 3.8 6193 162 587 8.6
NOV04 508.0 57 338 533.4 462 587 99
NOV04-2 | 508.0 57 3.0 416.6 162 587 109
NOV05 508.3 5.6 34 596.9 162 587 3.0
NOV06 508.0 56 25 170.2 162 587 11.5
TCPO1 863.6 9.6 3.6 2134 300 508 10.8

on each specimen. The specimens prepared in such
way have been subject to internal pressure testing (up to
bursting) on the stand presented in figure 3, and the
obtained results have been synthesised in table 4. It has
to be mentioned that the experimental program achieved
had more objectives (emphasising the stress
concentration / intensification effect induced by the metal
loss flaws, by determining the state of stress and strain
around them with the help of strain gauges, ascertaining
the conditions for fracture triggering in the area of the metal
loss flaws by means of measuring pipes deformations
before bursting etc. [8]); however, this paper presents and
uses only the results regarding the bursting pressures of
the pipes with and without flaws.

Results and discussions

The experimental results inscribed in the databases
we have compared with the results obtained with the
different equations proposed in literature for
determination the bursting pressure of the pipes with
and without flaws [12-23].

The relatioship recommended in various papers for
the assessment of BP, and BP, have been processed
and brought to the followmg general forms, better
adapted for use:

BPy = fof(trt: Rrx)i BPy = Rdxg(trt: Rrxvdrpvsrp)' (6)
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inwhichR, and R, represent one of the tensile properties
of the steelfrom which the pipes are made ; that is the yield
strength R the tensile strength R or the y1eld stress (in the
area of stfess concentrators, such as the flaws of the type
metal loss) Rp which can be consideredR , = 1.1R oer

R +69MPaor Ryq = min|[1.1R,; R, + 69; “m“‘v],while fand

g are functions having only dimensionless variables:
tre = ;—2; Ry, = :_;7 drp = f—”; Srp = \/S—”— The characteristic
R, and the analytical expressions of the function f = £, i =
1.. '12 from the n.,.= 12 formulae proposed in literature for the
determination of £ BP: = BP; ;,alongwiththe characteristic
R, and the analytlcal expressions of the functiong = g,j =
1..11, from the n , = 11 formulae recommended for the
determination of B P; = BP, ; are shownin table 5. The
values of the stram-hardemng exponents n_andn, , which
intervene in the analytical expressions of the functlonsf and

g, have been obtained with the formulae ng, = 0.224 (R )0 oo

and n,,, = 0.239 (—— 1)0'5%.

Using the information from the databases presented in
tables 1 and 2, we have drawn, considering one at a time
each of the formulae described in table 5, the statistical
correlation diagrams
BPfexp © BPrj,i=1..12 and BPygp  BPyjj=1..11
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Fig. 2. The flaws of one of the pipes (Pipe 1)
from which the specimens used within the
experimental program have been taken

Main dimensions of

Pipe lenber of Depth of flaws, the maximum depth flaw Type of flaws
aws mm
dp, mm Sp, MM cp, MM Table 3
Tl 14 1.0..5.5 5.5
2 2 14LTA CHARACTERISTICS OF THE FLAWS
T2 20 1.0...6.0 6.0 40 20 19LTA + 1GAU OF THE PIPES FROM WHICH
T3 4 26..55 55 12 12 3LTA + 1GAU SPECIMENS HAVE BEEN CUT
T4 7 1.8..5.2 52 15 12 6LTA + 1GAU
T5 9 12..55 5.5% 150 55 9LTA
* group of interacting flaws
B
Water tank FE!H;!I_E I'PE sample P"mfsurej
4 gauge Volumetric surfac /
B @& |y defects- V5D

P
%_J{ugn preksure) :

“Alr compressor

Pipe sampie rmd‘p.rmnn

Fig. 3. Stand for internal pressure testing up
to bursting of the full-scale pipe specimens

Table 4
Pipe specimen T T2 T2 3 T4 s RESULTS OBTAINED AT THE INTERNAL
Burst Pressure BP,, bar 180 175 160 180 160 150 PRESSURE TESTING UP TO BURSTING
Type of flaw on which failure initiated LTA GAU LTA GAU GAU LTA OF THE SPES‘III}’[T];NFSLS\%SFROM PIPES

and we have calculated the linear regression coefficients
BPfexp = mgBP;;i =1...12and

BPyexp = mg;BP,j,j =1..11 and the correlation

coefficients r_ and I associated to them. It resulted that,

with very few exceptions r,,r;>09 and m,,m,>1,

which shows that the level of tiiist of the values BP ¥ and

BP provided by the linear regressions is very high and that

dep
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the formulae for BP,, and BP, . are conservative (leading to
values of the pressures BP, &hd BP, lower than the real /
experimental values).

Based on the results previously obtained and applying
the definition relationship (4), a multitude (withn = n,,
xn_, = 132) of formulae for RSF can be obtained:
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Formulae for BPy (BPyi = Ry fi(tre, Ryx, Grp) Srp), i = 1...12)
BPy; Rgi f(trt: Rrx) = fi(trtr Rrx) BPy; Rgi f(trt: Rrx) = fi(trt: Rrx)
2 1 2 1
BP; 2—R,)—In (—) BP —1 (—)
1 ( rx)‘/g 1_2trt 17 Rp \/§n 1'—2trt
1\'sP*t 4t 2 1
BP: | Rm (—) re BPs | Rn = (—-——)
s 2 1-2t, s Nt
1\"P*t 4t 2 1
BP;y | Ra (_) re BP Z[1+065(1—R (——)
1 ‘/§ 1—t, 19 Ry ‘/g[ ( rx)]ln 1-2t,
11\t g4 1
BPy | Rn (— + —) B BPpo | R (‘“—)
" 1723 Tt Ho | "o,
4 tre 2 1
BPis | Rn —— BP, Tl ( )
rs (ﬁ)nspﬂ 1-2t, 'm | Rpa \/gln 1=z,
1 e \™? 1 4 tre
BFfs | Rm | | — (——) BP e —
a 4n, +0.88 (ns) vy sz | R (3= 12t
Formulae for BPy (BPaj = Raxjg(tre) Rrsx) Arp, Srp), j = 1...10)
BPy; Ra; g(trtr Rex, drpnsrp) = gj(trtrRrxvdrprSrp)
2 1
BP4) -R )-—zn( ) 1 - 0.945¢02dL8s04
¥ -2t [ e Table 5
NPT
BPe | Ry (_) n {1 —d,, [1 —exp (_0_222 Srp )]} THE CHARACTERISTIC R AND
2 1-2t, ~dp THE ANALITICAL EXPRESIONS
P 19 Srp OF FUNCTIONS £ AND g
45 | Rn Dtre {17y |1 exp | ~0.222 =2 B FROM EQUATION (6)
2ty 1-d
BPu | R, 1_;; 1-12; Mpy = ’1 +0.743 'LJ:—_:R
Mpq
BPis | Rm 2tre[1 - dpp(1 = exp(—0.1115,,))]
BP 2tre [1 _
s | Rea 2 [1-dyy (1- )] Mre = f1 +0.805 27
BP 2tredry 1-2tredrp ] _
“ Rd [(1_Ztrtdrp)MF7 + lTl( 1-2tre ) i Mey = j1+0.805 drp(1- Ztrtdrp)
1-2tredrp\] . tredrp(drp—1)
BPag | R M,.- +1 [MFBln (1 2ty ) + ln( 1-2tp )] s Mpg = Mer(1- zrnd,-p)zT:@ r;:"dr,,)nzndr,,
_ _ - 2, .22
BPys Rpa L In (——1 ) +In (1 _ Zt"d'ﬂ) _ 1= trdry \/(1 trtd"’) *trediy
Mpg  \1-2t.d,, 1-2t, 1-2t,
BP, 1 _ 1-2tredrp\] . _ s%
410 | Ro MFg_dm [(1-dr)im (—th) + (Mpo — Din (Tg—t;tﬂ)] Mpo = |1+ 062532
2.1ty 1-d
BPyy1 | Rm . f:t - L:;' Mgy = /1 +0.31s,
Mgy,
i 1 5 2 5 5 5
j 1 1 2 2 3 4 Table 6
kayj 1.0016 0.9210 1.0005 1.1989 1.0950 12750 VALUES OF THE CORRECTION
i 5 5 5 5 5 5 FACTORS &, FROM THE
J 5 6 7 9 10 11 FORMULAE RSF RSF
keiy 1.0360 1.1580 1.1430 1.1550 1.1580 0.9710
oy op Ren g MPa, R =396 MPa and R = 450 MPa (R_ = 0.8). The
exp _ Brdj _ dx,j9j
RSF, = RSF,;; = Bhpe — Keigr,, = Ko g gy @) followmgs results have been obtained:

the values of the correction factors k. (i = 1..12; j =
1..11) being defined in such way that the followmg

condition is observed , lim  RSF, =1.

In order to illustrate the manner of using the new
procedure proposed for the definition of RSF , we have
considered the case of the transmission pipelines with
D, =508 mm and ¢, = 8 mm (t, = 0.01575), build with
pipes made of X52 (L360 NB) 'steel, having R . = 360

REV. CHIM. (Bucharest) ¢ 66 ¢ No.5 ¢ 2015
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a)the values k ..to be used in the main equation for
RSF . tested in viéw of their application for the case of
these pipelines are the ones presented in table 6;

c)the diagrams for the evaluation of RSF for the
pipelines with flaws characterized by different values
of the relative depth d and relative length s _, containing
the graphical representatlons of the curves

I ‘Rdx,] gj(tre=Ct.Rrz=ct,drp,Srp)
RSFuz,) = kct,] Rpxi  fitremCtRg=ct) are of the types

presented for exemplification in figure 4. It can be
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observed that these diagrams differ from the RSF  type metal loss existing on the steel pipes of the
evaluation diagram, having the curves described  transmission lines affect their loading capacity.

analytically by equation (2). The usage of BP,_ is not In order to correctly assess the remaining mechanical
recommended, because, for values s_ < 0.2, ﬁg’}? is a strength of the pipelines with metal loss flaws, it is
monotonically increasing function with d_; recommended to determine both RSF, defined as the ratio

d)considering an allowable level (RSﬁ or RSF, ) of ~ between the operating pressures for which in the pipeline
RSF or RSF, and describing analytically the conditions ~ with flaws and in the pipeline without them a serviceability
RSF > RSF ‘and RSF > RSF, with the equations (2) and limit state is attained (characterised by the development
(7), Flaw %cceptance Dlagrams of the type of those  in the pipe wall of stresses reaching the level of the yield

presented as an example in figure 5, can be build. strength or allowable strength of the steel from which it is
manufactured), and RSF , defined as the ratio between the
Conclusions pressures for which in tfle pipeline with flaws and in the

The magnitude of the remaining strength factor can  Ppipeline without flaws the ultimate limit state (bursting /
characterize the degree in which the local flaws of the ~ failure) is reached.
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The relationships presented in this paper for the bursting

pressure of the steel pipes with and without flaws of the
type metal loss, ascertained on the basis of the results
interpretation for some experimental programs (of the type
of the one presented in this paper), allow for the definition
of a consistent multitude of formulae for RSF .
The calculation results for RSF and RSI‘”u can be
synthesised under the form of evaluation diagrams for
the metal loss flaws, extremely useful for a fast
assessment of the remaining mechanical strength of the
pipelines with flaws and for an operative decision
making process regarding the maintenance work
interventions.
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