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ADMISSIBLE PRESSURE FOR FILLER
OF SEALED SLEEVES USED TO REPAIR MAIN PIPELINES

V.I. MAKHNENKO, E.A. VELIKOIVANENKO, A.S. MILENIN, O.I. OLEJNIK, G.F. ROZYNKA and N.I. PIVTORAK
E.O. Paton Electric Welding Institute, NASU, Kiev, Ukraine

Main variants of strengthening of thinning of pipeline walls by installing a sealed sleeve are considered. It is shown that
the variant of the repair technology involving a sleeve structure with a liquid agent filling the gap between the pipe
walls and sleeve requires a detailed substantiation, allowing for properties of the filler during polymerisation, as well
as corresponding estimation of the load-carrying capacity of the welds.
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In the last years, repair of extended corrosion defects
on walls of active main pipelines, i.e. under the internal
pressure of gas or oil, has been performed in Ukraine
by using sealed sleeves of different designs, the main
purpose of which is to partially unload the defective
region of the pipeline wall, this being sufficient in a
number of cases for changing characterisation of a defect
from «inadmissible» to «admissibles [1].

For the linear part of a pipeline loaded mostly by
the internal pressure, the efficiency of unloading of
the defective pipe wall using a sleeve depends on many
structural and technological factors providing a con-
tact fit between the sleeve and pipe wall.

Figure 1 presents the known mechanical methods
providing a good fit of the pipe walls and sleeve,
which show a high labour intensiveness and complex-
ity of the control means used to check their efficiency.
This problem can be solved much simpler by using
the appropriate filler for the gap between the pipe
walls and sleeve. Sleeves of this type are more attrac-
tive, as they allow reliable and simple unloading of
the defective pipe wall due to the controllable pressure
in a liquid filler of the gap between the walls.

The scheme shown in Figure 2 demonstrates the
principle of operation of a structure, which has certain

advantages and peculiarities. The latter include the
presence of circumferential welds 6, which adjoin the
gap containing the filler with pressure Py, its maximal
value being specified by the authors of patent [3] in
a range of up to repair pressure P, in a pipe.

A crack-like slot forms in the adjoining zone at
the presence of steel ring 2 (see Figure 2), which
provides the required gap between the walls, i.e. cir-
cumferential welds 6 should be classed with the so-
called slot joints, which are designed on the basis of
fracture mechanics approaches for crack-containing
bodies [4]. The limiting state for this type of the
welded joints is usually specified based on a condition
that the adjoining sharp cavity, i.e. crack, should be
in the field of the stressed state, in which the condi-
tions of its spontaneous growth are met. Worthy of
attention among such sufficiently grounded conditions
is a two-parameter criterion of tough-brittle fracture
[4], which relates parameter of a purely brittle fracture
at the crack apex, K, = K1/ Kj. (where K7 is the stress
intensity factor at the normal fracture crack apex, and
Ky, is the critical value of this indicator for a given
material) to parameter of purely tough fracture for a
given crack, L, = o,/ oy (Where o, is the reference
stress that conditionally takes place at the apex of the
given crack at the indicated value of loading and con-
dition of ideal yield of the material with yield stress
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Figure 1. Schematics of mechanical methods providing fit of the sleeve to pipe wall [2]: @ — bolted method; b — standard method,;
¢ — with chain pinch; 7/ — repair sleeve; 2 — longitudinal weld; 3 — weld with full penetration and fusion with the substrate (two
symmetric joints are used more frequently); 4 — sleeve halves with side supports; 5 — wood skid; 6 — hydraulic press; 7 — high-strength

chain; 8 — pipeline being repaired
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Figure 2. Schematic of the repair method using the sealed sleeve
with filler [3]: 7 — technological rings; 2 — additional thin-walled
ring; 3 — union; 4 — sleeve; 5 — filler; 6 — circumferential
welds; 7 — pipeline; 8 — longitudinal weld; 9 — defective region

csy). According to [4], this criterion can be represented
as follows:

o, + Gy

20, ’ )

K,=f(L)at L, < L™ ~
K,=0at L, >L"™,

where f(L,) is the experimental function for the given
material (Figure 3).

According to [4], curve f(L,) (see Figure 3) for
structural steels at L, < L} can be adequately de-
scribed by relationship

fL) = (1 —0.14L3)[0.3 + 0.7 exp (-0.65LH)].  (2)

According to [4], values K; and o, for the slot-
type welded joints (see Figure 2) can be conveniently
computed by preliminarily conputing bending moment
M and intersecting force Q acting in the zone of the
welded joint per its unit length (along the circumfer-
ence) and by using the following relationships [4]:

K, = 0'3%69 [Q cos ¢ + %},

3)

_ 4M Qcoso ¥ (Q sin (p]2 4)
Oref V[ h2 + 7 j +3 7]/1 ’

where /% is the minimal size from the sharp cavity apex
in the weld to a free surface (Figure 4). There are
two such sizes hy and hy. It is likely that size Ay is
more conservative:

65 + A - 6t.r
761 .

hy = 8,cos @; cos ¢ = (1 + D7 B = (5)
Safety factor n> 1 is determined from the computed
values of K, and L, by points nK, and nL, on depend-

ence (2).

As follows from the above-said, the limiting state
of tough-brittle fracture (spontaneous growth of the
crack, i.e. sharp cavity, adjoining the circumferential
weld) is determined by bending moment M and in-
tersecting force Q, which depend on the internal pres-
sure in the pipe, P}, and in the filler, Py, as well as
by the geometric sizes of a section (see Figure 4), i.e.
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Figure 3. Diagram of limiting state K, = f(L,) for different types
of structural steels: A — high-strength steel EN408; B — pressure
vessel steel A533B; C — manganese-containing low-carbon steel;
D — austenitic steel; E — calculated curve plotted from depend-
ence (2)

pipeline diameter D, thicknesses of the pipeline and
sleeve, 8, and &, respectively, and those of techno-
logical rings & ,, sizes ¢, a, and b of the welded joint,
inter-wall gap A, and corresponding characteristics
Ky, oy and o of the welded joint material in sections
of minimal sizes /; and #,.

To generate the appropriate quantitative results,
by using computer system <«Weldpredictions» the
E.O. Paton Electric Welding Institute developed a
software to compute the stressed state for correspond-
ing geometrical sizes and loads P}, and P¢ by the finite
element method. Moment M and intersecting force Q
at the apex of the sharp cavity were computed from
normal stresses o,, in section z = Z" (see Figure 4)
corresponding to the apex of the sharp cavity growing
in direction /4 or .

Moment M can be represented in the form of dif-
ference M = M| — M, where

3 «Sp +A
2 2
M1 = J. Gzzédg; M2 = I Gzzadé ) (6)
3 3, +A
-5 -2

for a variant of crack propagating in direction /%, and
respectively
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Figure 4. Schematic of section of circumferential weld 6 with des-
ignations of elements as given in Figure 2
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for a variant of crack propagating in direction /.

Corresponding computation results for a pipeline
of steel X70 at D = 1420 mm, §, = 20 mm and working
pressure P, = 7.5 MPa are given below for a sleeve
1400 mm long with thickness 8 = 14 mm (& = 20 mm
under repair pressure Py, = 7.5 MPa, and ¢ = 14 mm
under Py, = 0.7P, = 5.25 MPa).

Sizes of technological rings &; , and ¢ were assumed
to be as follows: &, = &, and ¢ = 140 mm. Gap A was
regulated by using additional rings 2 (see Figure 4)
having width b = 30 mm.

Table 1. Computed values of bending moments M and intersect-
ing forces Q at Py, = P, @ = 20 mm and o, = 440 MPa

l\fl)%a l\ﬁ;a " MHferl"'Q Orers MPa ijgﬁqmz MPQa)-’mm
A =3 mm, i =13.845 mm
7.5 2.0 |58.35 7.6 1.9 91.6 0
7.5 2.5 | 8.35 53.4 13.4 640.5 0
7.5 3.0 | 4.49 99.2 24.8 1189.6 0
7.5 3.5 | 3.08 145.0 36.3 1738.8 0
7.5 4.0 | 2.34 190.8 47.7 2288.0 0
7.5 4.5 | 1.88 236.6 59.2 2837.2 0
7.5 5.0 | 1.58 282.3 70.7 3386.4 0
7.5 5.5 | 1.36 328.1 82.1 3935.5 0
7.5 6.0 | 1.19 373.9 93.6 4484.7 0
7.5 6.5 | 1.05 422.7 105.0 | 5033.9 20.9
7.5 7.0 | 0.94 473.4 116.5 | 5583.1 54.6
7.5 7.5 | 0.85 523.4 127.8 | 6125.6 88.2
0 7.5 | 0.62 719.0 162.0 | 7763.2 | 497.3
A=12 mm, i, =12 mm
7.5 0.5 | 8.89 50.1 13.5 484.8 0
7.5 1.0 | 3.72 119.7 32.2 1159.1 0
7.5 1.5 | 2.78 160.0 43.0 1549.6 0
7.5 2.0 | 2.22 200.8 54.0 1944.1 0
7.5 2.5 | 1.84 241.6 64.9 2339.6 0
7.5 3.0 | 1.58 282.4 75.9 2735.2 0
7.5 3.5 | 1.38 323.4 86.9 3130.8 0.9
7.5 4.0 | 1.20 369.8 97.9 3526.4 36.4
7.5 4.5 | 1.07 416.1 108.9 | 3922.0 71.8
7.5 5.0 | 0.96 462.5 119.8 | 4317.6 107.3
7.5 5.5 | 0.88 508.8 130.8 | 4713.2 142.7
7.5 6.0 | 0.80 555.2 141.8 | 5108.8 1781
7.5 6.5 | 0.74 601.5 152.8 | 5504.4 | 213.6
7.5 7.0 | 0.69 646.8 163.5 | 5890.6 | 248.8
7.5 7.5 | 0.65 690.4 173.8 | 6260.2 | 283.6
0 7.5 | 0.71 632.1 148.3 | 5342.4 | 518.9
Note. Here and in Tables 2-4: D = 1400 mm, &, = 20 mm, & =
=14 mm, b = 30 mm and ¢ = 140 mm.
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Tables 1—4 give the computation results on bending
moments M and intersecting forces Q for different
variants of input data and fracture in direction 7 (see
Figure 4). Ki, oy and safety factor n at Ki. =
= 1500 MPa-mm'/? [4] and o, = 360 and 440 MPa
were computed on the basis of the M and Q values.
It can be seen from these data that a change in yield
stress from 440 to 360 MPa (for steels X70 and X60,
respectively) at Py, = P, = 7.5 MPa and P, = 0.7P,
has no significant effect on the admissible pressure in
the filler [P¢] at safety factor n ~ 2.

The substantial effect is exerted by gap A. As it is
increased from 3 to 12 mm, [Ps] decreases from 4.3
to 2.3 MPa at Py, = P, (Tables 1 and 2) and from
3.5 to 1.7 at MPa P, = 5.25 MPa (Tables 3 and 4).

Increase in pressure P; above the said admissible
value of [Py] is undesirable, as this causes a pro-
nounced decrease in safety factor n.

A variant of fracture in direction %, (see Figure 4)
was also considered. The corresponding results con-
firm the above assumption of a more conservative vari-
ant of fracture in direction /7.

Therefore, it follows from the obtained computa-
tion results (see Tables 1—4) that, at the indicated
sizes of the sealed sleeve [2] and conditions of filling
of the inter-wall gap, it can be recommended that the
pressure should be set based on a condition of main-
taining integrity of the circumferential welds at a level
of [Pf] = 4.3-4.5 MPa at P, = 5.25-7.50 MPa and
A = 3 mm. Increase of the A value to 12 mm causes a
dramatic decrease of the admissible pressure in the
filler to 1.7-2.3 MPa. As value D of the gap in many
cases is within 3 mm and generated pressure Py is not
higher than 4 MPa, the structure of the repair sleeve
under consideration for main pipelines with D =
= 1420 x 20 mm, made from steels X60 and X70, can
ensure high unloading of the defective zone in the
pipeline wall, naturally, providing that the set value
of pressure of the liquid filler does not substantially
changes after its polymerization. However, this im-
portant issue requires special consideration.

Worthy of attention at the given stage is providing
the admissible value of pressure Py for specific sizes
of the pipeline and sleeve considered, as recommen-
dations of the authors of study [2] on the upper limit
at a level of Py, are insufficiently substantiated. Con-
sider what happens to pressure in the filler during
solidification of the latter. It is well known that trans-
formation from the liquid state to the solid one is
accompanied by a change in the relative free volume,
the weight of the matter remaining unchanged. On a
condition of incompressibility of the liquid phase and
at a coefficient of volumetric compression of the filler
equal to

Ki=(1-2v)/E;

(where E; is the normal elasticity modulus of steel
and solid filler, and v¢ is the Poisson ratio of the solid
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Table 2. Computed values of bending moments M and intersect-
ing forces Q at Py, = Pp,, @ = 20 mm and o, = 360 MPa

Table 3. Computed values of bending moments M and intersect-
ing forces Q at Py, = 0.7P,, @ = 20 mm and Gy = 440 MPa

P [ P K a i, I
Py, Py, Ky, refs M, o, . . " R o 3 hy
Mf’a MPa n MPa-mm“Z MPa MPaAmmz MPa-mm M MPa i - [ Mi“_"_l;l:m"l - :“|I_:I|I_I; m"_! M | AP cman
333 150 JEE] ns 5% S 4
A =3 mm, = 13.845 mm CETR I Y FE ET ErETy 5
7.5 2.0 | 56.62 7.8 2.0 94.0 0 535 T 620 ik IE BT2 0
523 FET] A e M7 153 L]
75 | 25 | 828 | 536 | 13.4 | 6429 0 et . - e :
7.5 3.0 4.47 99.4 24.9 1292.0 0 333 17 i 144 M3 M4 v
7.5 | 35 | 306 | 1452 | 363 | 17412 0 ol B ] e ) M. e S .. "
7.5 4.0 2.32 191.0 47.8 1290.4 0 i 350 103 168 M Bl 0
7.5 | 45 | 1.87 | 2367 | 593 | 2839.6 0 e at— Tt :
7.5 5.0 1.57 282.7 70.7 3390.2 0 333 - 133 4 % 133 [
533 S [T FTEE] BT st FET Y
75 | 55 | 135 | 3286 | 82.2 | 3940.8 0 e - sl i e
7.5 6.0 1.19 374.5 93.7 4491.4 0 333 300 1.2 ¥lua .1 il Mz
3323 532% L 3371 ¥ 45540 TiE
75 | 65 | 1.05 | 4234 |105.2] 5042.1 | 20.8 Vg B o T a i s
7.5 7.0 0.94 472.3 116.2 | 5570.8 54.0 575 535 [ a7 s 4312 3
600 323 L1¥ T "1 AN & EA T
75 | 7.5 | 085 | 5214 |127.3| 6099.8 | 87.1 SN BN S o — s —
0 7.5 0.64 690.7 155.3 | 7440.9 487.3 X e 1 oA S iy it
[} L] (L A [ L] Al o
A=12mm, 4 =12 mm Te0 [FT] (5] TIT o w3 o
7.5 0.5 8.81 50.3 13.5 486.9 0 725 28 1.3 183 553 i
750 L% 1] (2 BEAE] By wite 4
75 | 1.0 | 369 | 119.9 | 322 | 1161.3 0 R - — S -
7.5 1.5 2.76 160.2 43.1 1551.7 0 A= 12 mm, b, = 1063 mm
333 L L 150 58S 187 me o
75 | 2.0 | 220 | 2010 | 54.0 | 19463 0 oo s s s :
7.5 2.5 1.83 241.8 65.0 2341.8 0 313 073 151 1261 M1 10184 0
525 .00 FE] [ET ] 11 13T [
75 | 25 | 1.57 | 2827 | 76.0 | 2737.3 0 o i/ Ml s ol v :
7.5 3.0 1.37 323.7 87.0 3132.9 1.0 538 130 A2k 1001 311 L o
75 | 35 | 120 | 3700 | 97.9 | 35285 | 36.5 el B 5 R == =t .
7.5 4.0 1.06 416.4 108.9 | 3924.1 71.9 535 1 1482 ma T Y o
524 150 148 MG00 (2] FTE] [%]
75 | 45 | 096 | 4627 |119.9| 4319.7 | 107.4 T - — St -
7.5 5.0 0.87 509.2 130.9 | 4716.7 142.7 515 100 128 39 s 28091 403
535 33 1.1& mrd 104 3 Yook d [T H]
75 | 55 | 080 | 5557 |141.9| 5113.9 | 178.1 e e o e
7.5 6.0 0.74 599.5 152.3 | 5486.6 212.9 333 .73 102 4374 L 1047 %13
333 AL (L A& [F i 3L E 1094
75 | 6.5 | 069 | 6435 | 162.7| 5860.5 | 247.6 B - e e
7.5 7.0 0.65 685.6 172.6 | 6217.5 281.3 #35 40 o il .z k] L
EFL) a7 [T1] T 144 % 5] [T
0 | 75 | 076 | 58.5 |136.3| 4911.8 | 505.4 e tas ot s
333 33 0 &7 4 (L A 10
350 [ 1] [ TR [T5F ] 463D %74
LR1] 525 [ 5-'5"."\-6 L& & dGiEY [ i ]
filler), the relationship derived for the solid phase i | &% | en w4 GE s 108
between the relative change of the volume in trans- sl ] B o i i Jaer
R L X 0 [¥7] [ A e x FETE] [EE)
formation from the liquid state to the solid one per e e - — i o
unit weight will have the following form: Tw | 38 | en GE CE EE 1380
123 [E1] [ ] (SR E] [ 4TIES 135
AV — ; 150 L 1] o &14.5 Iﬁ# ATHT 1213
v = 3K{(s01 — Oiig) + yso‘iqu, €©) B 3D [TT] Sk K] ETF] i)
where 6y, and oy;4 are the pressures with an opposite o o 1 Yool = Yiiq ©
sign in the solid and liquid phases, i.e. o}, = —Pf; and ool = Pla 3.y

Ysol and 7yjiq are the volumes of the solid and liquid
phases per unit weight.

The (yso1 = Y1iq) /V value is a constant of a given
environment (e.g. for epoxy it is approximately equal
to —0.06 [5, etc.]).

If solidification occurs without violation of integ-
rity of the filler and with conservation of bonds to
the pipe and sleeve, then AV /V =0, and
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As compression pressure Gjq is a negative value, so-
lidification at (ye1s — 11iq) / V < 0 is accompanied by de-
crease of compression in the filler. The lower the K value
in the solid filler, the more intensive is this decrease.

For example, for polyurethane that is widely used
in Ukraine, the value of K; is at a level of 0.002 MPa™',
i.e. at (ys1 = viig) /V it is lower than —0.03. The
condition of conservation of oy, < 0 requires that the
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Table 4. Computed values of bending moments M and intersect-
ing forces Q at Py, = 0.7P),, @ = 20 mm and o, = 360 MPa

Py, P, " K. [ PR M, k
MPa M MPamm MPa M MPa.mm
A= 3 mm, b, = 15T mm
51 15 o na i P ] [T]
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513 15 189 LE 33 [EIEE] [T
535 178 et (LT 353 170 & [T]
e B | 103 18F [EL L] az4 L ok a0
EEL] L% 1] 130 1518 & uny Wi
513 ) 108 HTE T FIIT ] [T]
31 LT L& 1 T 3] LT
53 40 14T FETE] =1 FTE= 1] [T
31 L] 133 Is0a ny L LR LL)
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EEL] (5] (N 3571 i [LLTN] Ta3
480 [E1) 1 it .l LEork] LIE ]
573 LE 1] L1& T 2] 1l y 471
LR 1) (%1} (K1) FETY [TH] AN ]
613 b L (i ] bk ] Pl R 153
a.50 L% 1] 134 584 S0 2138 4.5
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initial pressure in the filler, P; = —c,, be higher than
0.03,/3-:0.002 = 5 MPa, which, as follows from the
above-said, is a limit of structural capabilities of the
circumferential welds of the welded joints in the
sleeves under consideration [3].

Moreover, it should be taken into account that pro-
viding the oy, value in the solidified filler at a zero
level, the value of volumetric compression coefficient
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K¢ = (1 = 2v¢) /E¢ being low, may lead to an insuffi-
cient unloading of the defective wall, i.e. it may affect
the efficiency of operation of the sleeve, which will
require an additional 2—3 MPa increase in Py.
Therefore, the structure of the sleeve and its welds
should withstand the inter-wall pressure at a level of
that of the working gas in a pipe, which is quite
realistic if the defect in the pipe wall under the sleeve
for this or that reason becomes a through defect.
The extent of unloading of the defective region of
a pipeline due to installing the sealed sleeve with the
filler can be estimated by using the following approxi-
mating dependence:
AP = —Glo + Eilnti" A=
1+ ’8% + Af

E3,5;
f 5
(D/2y

(10)

where AP is part of working pressure P relieved due
to the sealed sleeve with the filler in the gap between
the walls of a pipe and sleeve, o', is the residual mean
normal pressure in the solid filler, K; = (1 — 2v;) /E;
is the coefficient of volumetric compression of the
solid filler, and &; is the thickness of the filler.

In case of a purely mechanical contact of the pipe
and sleeve, in (10) & = 0, A = 0 and, accordingly,
P - Py

3 + 9
depends on P — P, and it can be insufficient for
efficient unloading of the defective region of the wall.
Here it is the filler that provides wider possibilities.
However, in this case the geometric sizes of the sleeve
and welded joints should guarantee achievement of

the corresponding value of o'y in the solidified filler.

ol = 0. At the same time, in (10) AP =

S

CONCLUSIONS

1. Structures of the sealed sleeves with fillers, as rec-
ommended in modern literature for repair of thinning
defects in walls of main pipelines without interruption
of their operation, are insufficiently substantiated in
a number of cases, as welded joints cannot withstand
the internal pressure of the liquid filler at a level of
the working pressure of gas in a pipe.

2. When developing such structures, it is necessary
to pay special attention to a change in properties of the
filler taking place during its solidification from the stand
point of providing the required pressure for efficient
unloading of the defective region of the pipeline wall.
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