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TECHNOLOGY OF REPAIRING THE ACTIVE MAIN PIPELINE
USING BRAZE-WELDED COUPLINGS

Background. During operation, the main pipeline needs to be repaired. During periodic diagnostics of the pipeline state
defects are detected, some of which are unacceptable. The classic repairing method, that involves the shutdown of the
pipeline with subsequent replacement of its defective spots, requires significant financial costs and is associated with a
forced pipeline outage and environmental violation.

Objective. The purpose of this article is to improve the technology of reinforcing sections of main high-pressure pipeline
with welded couplings, which are filled with molten metal by allowing obtaining high efficiency of pipe strengthening
of medium and small diameters.

Methods. Strength improvement of the active pipeline spots is realized by installing brazed-welded couplings on an
active main pipeline. Strengthening the pipeline with the coupling consists in the redistribution of the load part from
the pipe to the wall of the coupling, which leads to a decrease of the stress level in the pipe wall. The reinforcement
efficiency of the pipeline could be evaluated by the degree of reduction of circumferential stresses in the fixed pipe wall.
Results. The article suggests a technique for strength improvement of pipeline spots using couplings filled with a molten
metal that has a high elasticity modulus. The operations of formation of under-coupling layer with the parameters that
provide achievement of the maximum value of the stresses reduction degree in the reinforced pipe are proposed, while
ensuring an even load distribution between the wall of the pipeline spot being repaired and the coupling shell. An im-
proved technology for fixing defective spots of the active pipeline has been proposed, designs for front seals have been
proposed that facilitate the formation of under-coupling layer with optimal parameters. The proposed technique makes
it possible to increase the efficiency of the pipe strengthening of small and medium diameters.

Conclusions. The article proposes an improved technology of the defective spots reinforcing of the active main pipeline
using braze-welded coupling. The focus is on the design of mechanical seals that ensure the tightness of the under-cou-
pling space during the formation of the coupling layer.

Further research would be performed in the direction of developing a mathematical model of the pipeline reinforced
with braze-welded coupling, taking into account temperature changes during heating and cooling of the coupling struc-
tures during the formation of the under-coupling layer. Some research will be also performed to improve the coupling
structures and methods of quality control of their mounting on the pipe.

Keywords: coupling; non-destructive; control; diagnostics; repair; gas pipeline; pipeline; pressure; gas; refinable crude;
transit.

Introduction

During repairing of linear and curved sections
of active high pressure main pipelines as well as their
transfer to a higher category a method of increasing
the of the pipe strength is widely used. It’s related with
the installation of the amplified plot of pipe cou-
plings of various designs [1]. The most wide distribu-
tion have received couplings with an under-coupling
space that is filled during the time renovations of the
self-hardening substance, which allows for the pipe-

line section reinforcement without changing modes
of the product transportation [2,3]. Commonly, the
couplings compiled of multiple technological ele-
ments, most important of which are two half-shells
that are centered on the pipe and fastened to each
other by known methods, for example, welded lon-
gitudinal seams. Thereafter, the ends of the sheath
are sealed and the space between the pipe and shell
is filling up with self-hardening substance. The avail-
ability of the under-coupling layer allows reducing
Hoop stresses in the pipe by referring a portion of
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the load on the outer shell. In General, the efficien-
cy of the repair depends on its strength parameters.
For repairing pipes of small and medium diameters
there is a developed technology [5,6] based on using
the formation of an under-coupling layer of molten
metal that has a high elasticity modulus. Howev-
er, due to the complexity of creating the required
pressure in the under-coupling space the technology
requires some improvements.

Problem statement

The purpose of the article is to improve the
technology of reinforcing sections of main high-pres-
sure pipeline with welded couplings filled with mol-
ten metal by allowing obtaining high efficiency of
strengthening pipes of medium and small diameters.

Strengthening the spots using braze-welded
coupling

Strengthening the pipeline with the coupling is
to redistribute part of the load from the pipe to the
wall of the coupling, which leads to a decrease of
the stress level in the pipe wall. The reinforcement
efficiency of the pipeline could be evaluated by the
degree of reduction of circumferential stresses in the

Tp

wall of the repaired pipe (:—J ,where o, 65, —
To

hoop tensile stress in the pipe wall without coupling

and with mounted coupling at the working pressure

in the pipeline P, [3].

After the installation of couplings on pipe with
internal pressure P, and after filling the under-cou-
pling space with self-hardening composition injected
under pressure P,,;, hoop tensile stress in the pipe
wall decreases to a certain value o, Further, in a
case of pressure changes inside the pipeline P, a
hoop tensile stress in the pipe wall is going to take
the values o,, and the reinforcement efficiency of
the pipelines is described by expression [9]:

ﬁzl-k‘{n—ef _k'PMU].

o To

P,

Where k is the coefficient that links pressure
changes in under-coupling space with pressure
changes inside the pipeline (the coupling coeffi-
cient). A detailed derivation of an expression for the
coefficient k, that takes into account the geometric
parameters of the repaired pipe and couplings, as
well as strength properties of the material of the un-
der-coupling layer, is given in [9].
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Where D; is the internal diameter of the pipe-
line; E,, = E,-is the elasticity modulus of the mate-
rial of the coupling and pipe; E,,, p,,-is the elasticity
modulus and Poisson’s ratio of the material of the
under-coupling layer; &, is the wall thickness of the
pipe; 3, is the wall thickness of the brace; 8, is
the mounting depth of the under-coupling space.

To ensure uniform load distribution between
the reinforcing pipe and coupling, self-hardening
substance should be pressed into the under-coupling
space below the optimum pressure P,, which is
defined by the expression [3]:

i+AP.
k

Uopt>

P

MUopt =

Where: AP- is the pressure reduction due to the
shrinkage of under-coupling layer substance in the
process of hardening.

In the case of pressing the self-hardening sub-
stance into the under-coupling space under pressure
Py TeInforced coupling, without taking into account
end effects would similarly work like a solid pipe with
greater wall thickness.

The optimal filling pressure of the under-cou-
pling space is firstly defined with the pressure inside
the pipeline at the time of installation and the mag-
nitude of the coupling coefficient k. However, the
magnitude of the coupling coefficient depends on
the depth of under-coupling space, which depends
on the pressing pressure of the self-hardening sub-
stance into the under-coupling space.

The efficiency of the discharge pipe coupling
with internal filling increases with increasing diame-
ter of the pipeline, and with decreasing in the depth
of coupling space. And also it rises with increasing
the wall thickness of the coupler of the elasticity
modulus and Poisson’s ratio of the material of the
coupling layer. The graph illustrating the change in
the degree of reduction of hoop stresses in the wall
of the repaired pipe for different diameters of the
strengthen pipeline by using different materials for
the formation of the under-coupling space shown in
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Fig. 1. The graph is constructed for P,=5,5 MPa,

6T:9 mm, 6M= 9 mm, PMU=PMUopt‘
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Fig. 1 The dependence of the reduction degree of hoop stresses in
the wall of the reinforced pipe from its diameter

The graph shows that the use of molten metal
for forming the under-coupling layer enables rein-
forcement of pipeline sections with small diameters,
for which using of the known compounds is inef-
fective.

The technology of strength improvement of spots
of an active pipeline using couplings with the
formation of an under-coupling layer of melted
metal (brazed-welded couplings)

One way to increase the efficiency of strength-
ening pipes with small and medium diameters is to
use molten metal that has a relatively low melting
point, for example, lead, tin or their alloys, to form
an under-coupling layer [5].

Calculations show that the use of lead pressed
into the under-coupling space under optimal pressure
will hardly improve the efficiency of the pipeline’s
strengthening by increasing the degree of reduction
of ring stresses in the pipe that is being repaired with

a diameter D, = 150 mm with (% =0, 9} (when using
cTTo

self-hardening mass SZLAST, that has elasticity
modulus E,, = 55 MPa and Poisson ratio p,,=0,48)

to (% = 0,58} (when using lead that has the
GTo
elasticity modulus E,, = 0,18-10° and Poisson ratio
ppp=0,42).

The heating of the of the pipeline defective
spot with the coupling installed on it can be carried

out with the help of inductors widely used for the
preparation of pipes during welding (Fig. 2)
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Fig. 2. The usage an inductor to warm up the coupling / — pipeline,
2 — coupling, 3 — technological rings, 4 — under-coupling
space with molten metal, 5 — inductor

To achieve the maximum value of the mechan-
ical ring stresses reduction degree in the pipe wall
that is being strengthened and to ensure an equal
distribution between the pipe that is being repaired
and the coupling shell, the value of the pressure of
pressing the molten metal into the under-coupling
space should be selected from the expression [10].

The main difficulty in fulfilling this condition is
to ensure correct recordkeeping AP and the coupling
factor k, because in actual practice, the shrink of the
same metal or alloy can be very different from the
batch and the conditions of use, which will lead to
a non-optimal distribution of the force between the
pipe and the coupling after changing the material
state of the under-coupling layer.

In addition, alloy can be used to fill under-cou-
pling space, with an unknown value of the modulus
of elasticity and shrink. Such an example can be ap-
plied during emergency operations and when using
of an alloy of random lead and tin products.

In this case, the quality control of the instal-
lation can be carried out in the following sequence.
After installation and assembly of the coupling metal
parts (shell and face seals), the welded joints qual-
ity can be checked by traditional, well-established
methods of non-destructive testing.

The heat-resistant strain gage transducers are
mounted on the coupling shell. Further hydraulic
tests of the under-coupling space that are combined
with the treatment of internal surfaces with an ad-
hesive (flux), which provides elevated adhesion of
the molten metal to the pipe and coupling shell.
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The construction of a diagram of the strain gage
transducers is made during the hydraulic tests, with
the usage of information from the pressure detec-
tors installed in the coupling shell joint R, (P,,), the
value of the signal that comes from the strain gage
transducer R;, to the value of the pressure in the
under-coupling space R;,(P,,). During the usage of
the strain gage transducer with a linear characteristic
(for example, strain gages with temperature com-
pensation circuits), the calibration dependence can

be represented as: Ry, = K- Py, + Ry

Where: R;, - signal at the strain gage transduc-
er output, K- the coefficient connecting the signal
change at the transducer output with the change in
pressure in the under-coupling space, Ry~ the sig-
nal at the strain gage transducer output in the ab-
sence of pressure in the under-coupling space.

After heating the pipe and coupling by using
of special means, for example, an inductor, mol-
ten metal is pressed into the under-coupling space,
controlling the pressing process according to the in-
formation coming from the strain gage transducer.
After this, molten metal injection and preheating are
continued until the following conditions are fulfilled:

P
RMU] = KDT (%4‘ AP;] + RTDO'

1

After determining the actual values k£ and AP,
the coupling, the pipe and the under-coupling space
layer are heated again, so that the metal in the
under-coupling layer melts. Than molten metal is
additionally injected into the under-coupling space,
creating a pressure that is monitored by the signal
from the strain gage transducer:

P
Ry, =K,; ~(7U+AP]+ Rypo-

To implement the method, the pressure in the
pipeline can be changed not immediately after fin-
ishing the work, but much later, during the planned
change in the modes of transport of the product.
Unlike couplings with compound filling, couplings
filled with molten metal make it possible to cor-
rect the stress distribution in the pipe and coupling
during operation.

The proposed method is explained by the dia-
gram shown in Fig. 3.

Giving the fact that the under-coupling space is
filled with liquid molten metal, control over its dis-
tribution over the entire capacity size can be carried
out by an acoustic method. At the same time, taking
into account the high temperature of the coupling,

which limits the use of traditional piezoelectric ex-
citation sensors for an acoustic wave, the use of the
EMA method is preferable [14-17].
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Fig. 3 A diagram explaining how to fix a pipeline using brazed-
welded coupling

The relatively large shrink of lead during pour-
ing (up to 4%) can be effectively reduced by the
introduction of additional additives.

The issues of reducing lead shrink are consid-
ered in the specialized literature on the production
of bullets for firearms and in the scope of application
for filling under-coupling space have been studied.

The technology of the existing trunk pipeline
section reinforcement using a coupling filled with
molten metal

Proceedings [5,11] propose technology of
strengthening of the pipeline with using braze-weld-
ed coupling that is heated by the inductor. The focus
is on the quality control of repairing, ensuring proper
accounting AP, and coupling coefficient k that are
necessary for the condition (3). However, to achieving
conditions (3) during the works only while ensuring
the tightness of under-coupling space, which pursues
high demands on the quality of the end seal.

The proposed technology that increases the
strength of the pipeline is as follows [12,13]. On
the amplified section of the pipeline technological
elements of the coupling are installed, which, after
binding with known methods, form a closed shell
around the pipe with hoop cavities for forming end
seals.

Then the ends of the coupling are sealed using
the alloy (metal) that has a higher melting tempera-
ture (optional alloy) than the alloy (metal) used to
form the under-coupling layer (core alloy). To seal
the ends of the coupling pre-heating of the cou-
pling in the area of the hoop cavity to a temperature
above the melting point of the alloy is conducted
(but not exceeding its boiling point). Then cavity is
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filled with additional molten alloy supplied under
pressure. After filling the annular cavity, the tem-
perature of the coupling is reduced, resulting in the
formation of hermetic end seals. Then the whole
coupling is heated to a temperature higher than the
melting temperature of the basic alloy, but lower
than the melting temperature of the additional al-
loy, and then under-coupling space is filled with the
main molten alloy, fed at the specified pressure.
The process of forming the under-coupling layer
is illustrated in Fig. 4, and the construction of annu-
lar cavities is shown in Fig. 5. Fig. 12, where 1 is the
pipeline; 2 is the coupling shell, 3 is under-coupling
space, 4 is the annular cavity, 5 — the coupling tech-
nological elements, 6 — inductors, 7 — syringes, 8 —
heater, 9 — additional alloy (metal), 10 is the main
alloy (metal), 11 — backing hoop, 12 — sleeve, 13 —
technological hoop, 14 — weld seam, 15 — sealer,
16 — part flange, 17 — flange connection fastening.
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Fig. 4 Organization of the formation of the end seals and filling
the under-coupling space with molten metal

Further, the coupling is cooled naturally or
forcibly. With a relatively small length of coupling
and a limited time of works, it is possible to heat
the entire coupling to a temperature above the tem-
perature of the additional alloy. It is also possible to
form end seals with further lowering of the coupling
temperature and filling the under-coupling space
with the main alloy, which is supplied with a prede-
termined pressure.
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Fig.12 design version of the annular cavities

To ensure the required values of the pipe cir-
cumferential stresses reduction degree, with a uni-
form distribution of the load between the pipe walls
and the coupling, the pressure in the under-coupling
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Conclusions

The article proposes an improved technology
of the defective spots reinforcing of the active main
pipeline using braze-welded coupling. The focus is
on the design of mechanical seals that ensure the
tightness of the under-coupling space during the for-
mation of the coupling layer.

Further research would be performed in the di-
rection of developing a mathematical model of the
pipeline reinforced with braze-welded coupling, tak-
ing into account temperature changes during heat-
ing and cooling of the coupling structures during
the formation of the under-coupling layer. Some
research will be also performed to improve the cou-
pling structures and methods of quality control of
their mounting on the pipe.
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Ipuropinn C. Tumumk, Onekcangp O. MogonsaH, KatepuHa C. CeprieHko

TEXHONOIA PEMOHTY AIKO4OIrO MATICTPANIBHOIO TPYBOMPOBOAY 3 BUKOPUCTAHHAM MNAAHO-3BAPHUX MY®T

Mpobnematuka. lig yac ekcnnyatauii marictpanbHuin Tpy6onpoBia notpebye pemoHTy. [Mpu nepiognyHin giarHocTuui ctaHy
TpybonpoBoaiB BUABNSOTECA AeEKTU, YAaCTUHA 3 SKUX € HENnpUNyCTUMUMWU. KnacuyHWn MeTon peMOHTY, Lo nepepbavae 3ynuHKy
TpybonpoBoay 3 nofanbLUo 3aMiHOK oro AedekTHOI AiNsHKM, BUMarae 3HauyHuX (DiHAHCOBMX BUTPAT i MOB)SI3aHUNA 3 BUMYLLEHUM
npocToem TpybonpoBoAOM i NOPYLUEHHSAMY EKOMOTii.

MeTta pgocnigxeHHsA. BoockoHaneHHs TEXHOMOrii peMOHTY AiNsHOK MaricTpanbHOro TpybomnpoBoay BUCOKOrO TUCKY 3BapHUMM
MydTamu, ki 3anvMBaloTbCH PO3NMaBfeHNM MeTarioM, WO [A03BOMsE OTPUMATV BUCOKY eeKTUBHICTb 3MiLHEHHS TpyO cepeaHboro
Ta Manoro giamerpis.

MeTtoauka peanisauii. [igBuLleHHA MiLHOCTI AinsHOK Aitodoro TpybonpoBody peaniyeTbcst 3a AOMOMOroK MOHTaXy Ha Aitouni
marictpanbHuin TpybonpoBig nasHo-3BapHUX MydT. MNocuneHHs TpybonpoBoay MydTo nonsirae B nepepo3nogini YacTUHW HaBaHTaXeHHS
BiA TPyOM Ha CTiHKY MydTH, L0 NPM3BOANUTL OO0 3HWKEHHS PIBHS HANpPyrn B CTiHUi Tpyou. EdekTuBHicTb nocuneHHs Tpybonposogy npu
LbOMY MPUIHATO OLHIOBATU CTYMiHb 3HMKEHHS KOMbLEBUX HANpy>XeHb B CTiHL PEMOHTOBaHOI Tpyou.

Pesynbratv pocnipkeHHA. 3anpornoHoBaHa MeToAuKa MiABULLEHHSI MILHOCTI AinsiHok Tpy6onpoBodiB 3a [OMOMOrol Mydr,
IO 3aroBHIOKTLCS PO3MraBfieHM MeTaroM, Lo BOMoAi€ BWCOKMM MOAYNEM MpYXHOCTi. 3anponoHoBaHi onepaduii dopMyBaHHS
nigMydToBOro Lwapy 3 napameTpamu, WO 3abe3neqyloTb OOCATHEHHS MaKCMMAarbHOTO 3HAYeHHS! CTYMEHSI 3HWXKEHHS HanpyXeHb
B rnocunoBaHoi Tpy6i npy 3abe3neveHHi PiBHOMIPHOMO PO3MOAiNY HaBaHTAXEHHSI MiX CTIHKOK PEeMOHTOBaHOI AinsHkM Tpybonposogy
i 060noHkKo MydTH. 3anponoHOBaHO BAOCKOHArEHY TEXHOMOTi0 PeMOHTY AedeKTHMX AiNsHOK Aitovoro TpybonpoBoay, 3anporoHoBaHi
KOHCTPYKL|ii TOPLEBYMX YLLiNbHIOBaYIB, LLIO NOMErLyoTb hOPMYBaHHS NigMydTOBOrO LWapy 3 onTUMarnbHUMK NnapameTpamu. 3anponoHoBaHa
MeToaMKa A03BOMSE MiABULLMTM €(PEKTUBHICTb NOCUIEHHS TPYD Manuvx i cepefHix diameTpis.

BucHoBKkW. 3anpornoHoBaHO BOOCKOHArNeHy TEXHOIOri0 MiABULLEHHST MILHOCTI AiNsHOK Aitodoro Tpybonposoay 3a [0noMOrow
nasiHo-3BapHux MydT. OCHOBHY yBary npuAineHo po3pobLi KOHCTPYKLA TOpLEBMX YLUiNbHIOBaYiB, IO 3abe3nevyoTb repMeTUYHICTb
nigMydTOBOrO NPOCTOpPY Mg Yac opMyBaHHS LWapy nigmydTn.

Mopanbli gocnigxeHHs nepegbavaeTbcsi MPOBOAWUTU Y HanpsIMKy po3pobku MaTemMaTu4HOI MoAeni AinsiHkM Tpybonposoay,
NOCWMEHOro NasiHo-3BapHOK MydTOKO 3 ypaxyBaHHAM TeMnepaTypHUX 3MiH Y NPoLeCi HarpiBaHHS Ta OXONOMKEHHS MydTOBOT KOHCTPYKLT
npy popmyBaHHi NigMYydTOBOro LIapy, a TaKoX Yy HanpsiMKy BOOCKOHaneHHs MydTOBMX KOHCTPYKLUIN Ta METOAIB KOHTPOM SKOCTI 1X
MOHTaxy Ha TpyOi.

KntouyoBi cnoBa: mydTa; HepyNHIBHUIA; KOHTPOSb,; AiarHOCTMKa, PEMOHT,; ra3onposia, Tpybonposia, Tuck; ras; nepepobHa HadTa;
TPaH3UT.
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