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Abstract

The present paper describes a planned experimgmt@jramme to be performed jointly by the authorghwhe aim of studying the
reinforcement (consolidation) effects of repairtepss using composite materials wraps (sleeves) alge@lfor damaged transmission
pipelines (intended for petroleum, liquid petroleproducts or natural gas), with defects of the typetal loss (volumetric surface defects -
VSD). The results (briefly described in the papdxperimental tests previously executed withieassh activities in both our institutions
have emphasized the need to define and perfornvaekeof tests for the composite repair systemssg&leetion of the materials (pipe steel,
composite) to be tested, the testing conditions thedt parameters are detailed in the followingsdatime plan and objectives of such

experimental programme are explained.
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1. Introduction
The transmission pipelines (normally made of staedpd to
transport natural gas, petroleum or liquid petroieproducts are
providing services of great importance and theeefdheir
maintenance and repair activities need speciaitaite Among the
most common defects that might be detected on thipséines are
the ones of the type metal loss (also called VSBokimetric
surface defects), due to corrosion and/or erosiongsses.
In the last years, the repair of the pipeline argils such defects
was frequently performed by means of applying casitpanaterials
sleeves/wraps, because such repair technology mimtesequired
welding operations and can be appliadthout removing the
pipelines from service [6]. However, the problenfierant to the
application of this repair procedure did not foupet technical
solutions fully underlain and unanimously accep®d

For this reason, the authors are carrying out, iwitthe

INNOPIPES FP7 Project, an extended research progeathat

studies both theoretically and experimentally th@angmission

pipeline repair systems using composite materi@ise of the
main goals of our research programme is to invatig
experimentally the effectiveness of the repair esyst using
composite materials applied on transmission pipsliwith VSDs
made by machining, under various loading conditi¢ingernal
pressure, low cycle loading). The main objectiveswr past and
future experimental work are the following:

1) to evaluate the consolidation effect, consideasch measure
of their effectiveness, for some composite repgtesns used
for damaged pipelines, by investigating the stetsmn state
in the damaged area under the operational (infepnaksure,
and also by determining the burst pressure value;

2) to validate numerical and analytical models uge@valuate
the remaining strength of a pipeline with volunetsurface
defect reinforced using composite repair systentsaso the
design procedures for the composite wraps to bdéieapfor
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pipelines repair; some models and procedures [Vé leen
developed by the authors and their research partner
3) to compare the obtained experimental data asdlteewith
similar investigations performed by other resedegms.
In the followings, after a brief description of tlexperimental
results obtained separately by the authors, thaitiefi of the
parameters for the future tests (pipe material gewmetry, VSD
geometry, loading conditions etc.) is detailed #me plan for the
experiments to be carried out jointly by both omstitutions is
described.

2. Previous experimental tests

The authors of the present paper have been invatvete past in
similar tests regarding pipeline repair systemsi\gistomposite
materials, performed within both the Petroleum-Ghgversity
and the E.O. Paton Welding Institute. These tesistituted the
starting point for the development of the experitaeprogramme
described in the following sections. A brief deption of the
results of these tests is included below.

Among the analyses regarding the repair methodmsdted for
transmission pipelines, a repair system using caitpaonaterials
conceived by ICECHIM Bucharest, named IWR (ICHECHIM
Wrap Repair) has been the object of investigationdeu an
extensive research program carried out in the Usitye of

Ploiesti. The IWR material is made of a multilayemposite
material, in which the reinforcement component ¢iaf layers
of fibre glass fabric, and the matrix is the polyimenaterial used
to impregnate the fabric. This polymeric resin basn conceived
as a modified polymeric system with flexibilisatongth small

molecular weight and with mineral fillings.

The IWR mechanical propertieEd — elastic modulusR,c —

tensile strengthi\c — elongation at fracture) are compared in Table

1 with the ones of other composite repair systemeeldped for
transmission pipelines.



Table 1. Comparison between the mechanical chaistaterof

IWR, KPB and other composite materials for pipeliepair
Mechanical characteristics of the
Composite|Reinforcemen composite material *
material material Ec, Rnc Ac,
GPa MPa %
IWR Fiberglass | 17.5...22|265...315| 1.32...1.6D
KPB Fiberglass | 2.8...3.1 30...31 0.90...1/10
EC10 1680 | Fiberglass | 41.4...43/884...102% 2.44...3.27
Perma Wrap Fiberglasg 34.@88.( 580...6201.00...1.10
Fiba Roll Fiberglass 79..8F7 86..72
Clock Spring| Fiberglass | 33.8...34{%530...650] 1.06...1.36
TDW RES-Q Carbon fibre 68.8 1028 -

* measured in the direction corresponding to tipelme
circumference when applying the composite mateiap

The IWR repair has the structure shown in Figureardd its
achievement requires three steps: 1) pipeline pagipa for repair
(cleaning etc.); 2) rehabilitation of the pipe ertd configuration
(filling the defects using a polymeric filler); 8habilitation of the
pipe mechanical strength, applying the reinforangposite wrap
in the defects area.

Composite Wrap - CW

Polymeric .‘iﬁj;ﬁ_./.
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K] =
Polymeric Material - PM

Fig. 1. Structure of IWR composite repair systempipelines

The IWR research program included, but was not dichito, the
experimental testing of the IWR system appliedht@é full-scale
pipe specimens, all made of steel grade L24RBsE 245MPa,
R, =415MPa) and with one or several machined VSD, subgecte
to internal pressure loading (maximum allowable rapeg
pressure MAOR: 5.5 MPa). Figures 2-6 illustrate the test method
applied and the behaviour of specimens 1 and Bforeied with
composite wraps, after being subjected to burdéats.
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Fig. 2. Geometry of specimen 1 (with only one VSD)
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Fig. 4. Geometry of specimen 3 (with two VSDs)

260..3.10 The research team form E.O. Paton Institute in Kilso carried

out an important research program regarding the K&mBposite
repair system, which included experimental testifigwo full-

scale pipe specimens after repair. The KPB matgialided by
Kailas Ltd., is made of a multilayer composite miaiein which

the reinforcement component consists of layers ilofef glass
fabric, and the matrix is the polymeric resin usedmpregnate
the fabric.

Fracture arrest |
Composite wrap)|
on the flaw 2

Fig. 6. Specimen 3 after testing (burst pressutes BIPa)

KPB wrap repair has the structure shown in Figureard its
achievement requires four steps: p)peline preparation; 2)
rehabilitation of the pipe external configuratiarsihg REM-steel
filler); 3) covering the pipeline surface using alymeric primer
(MB); 4) rehabilitation of the pipe mechanical sgtn applying
the composite wrap (KPB) for reinforcement in théedes area.
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Fig. 7. Structure of KPB composite repair systenpipelines

The testing method and parameters are illustrateigures 8-9
for specimen 1 (specimen 2, made of the same gtade, similar
to L360/X52, had the outside diamezr=720mm and the wall
thicknesst, = 9.9mm), while the mechanical behaviour of the
pipes reinforced with KPB composite wraps during Ithesting
test is summarised in Figure 10.
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Fig. 8. Geometry of specimen 1 before repair wiDvdetails

The reason for which the achievement of a new Eé¢sis has
been decided has been to investigate additionaksssegarding
composite wrap repair systems (behaviour under yale
internal pressure loading, test of specimens regairile the pipe
is subjected to internal pressure, validation ef tbmposite wrap
design method proposed in [7] as the wrap thickie$e applied
will be calculated accordingly) and also to enritlr database of
experimental results.
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Fig. 9. Geometry of specimen 2 after repair (withB<wrap)
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Fig. 10. Test results for both specimens

3. Definition of the experimental parameters

In the first place, the most adequate pipe matetialbe tested
have been considered the steel grades L290/X42L.366/X52

(or equivalent) [1], because they range among tost fnequently
used steel grades in both Romanian and Ukrainianpgzelines
systems, especially in the older ones that usyaigent VSD and
therefore require repair systems. For the sameomeake most
suited values for the outside diameter of the pijmede tested
have been considered; = 219.1;323.9;508.0;711.0mm.
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The pipe specimens finally selected for testingsebaalso on
available pipe materials and dimensions, are mddsSteel 20
(according to GOST 550-75 [5]), very similar to I®%nd have
the outside diameteD,=219.0mm. Table 2 compares the
mechanical properties of steels L290, L360, St@ajiZen in their
standards [1, 5] with the ones determined by periiog tensile
testing on samples cut in the axial and circumfiégaémulirection
for the specimens material.

Table 2. Mechanical properties comparison

Pipe grade SMYS *, | Tensile strength
/ sample direction Ryo.5(MPa) Ry, (MPa)

L290 / X42 290 415
L360 / X52 360 460

8 GOST 255 ** 431

5 axial sample 320 464

8 | circumf,, straightened 323 ** 474

» circumf., not straightened 312 ** 477

* specified minimum yield strength
** Rey.2(corresponds to residual elongation 0.2%)

In order to be able to compare the results of egearch work
with the ones of other similar activities, we halexided to select
a pipe wall thickness and to define a defect gepnegjuivalent to
the ones used within an extensive experimentalrprogurrently
underway, organized by Pipeline Research Councitiat®nal —
PRCI [9, 10]. This program, sponsored by PRCI and et
composite manufacturers from around the world, issponse to
questions from the pipeline industry regarding thag term
performance of composite repair systems.

The program consisted of the preparation of gra2@0IX42 test
specimens with welded end caps and machined VSBir (th
geometry is shown in Figure 11), repaired by thei@pating
manufacturers. All manufacturers repaired specinfensa three-
year test period, while five of the manufactureteceed to
participate for a 10-year study.

1,=9,5 (0,375 in)

NOTA: Center machined
area on sampleg R

+— i B

D, =323,9
(12,75 in)

2440 (8 feet)

NOTA: Perform all machining 180°from
longitudinal ERW seam of pipe
A-A $p=203,2 (8 in)

AT ‘

§ 7
NOTA: R 19 (0,75 In)

NOTE: Break corners
(all around)

152,4 (6 in)

NOTE: Uniform wall in
machined region

¥ tam= 0,60t 0r 0,40t or 0,25t

Fig. 11. PRCI full-scale test specimen [9]
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Burst tests were planned for all the repaired spexsrat 0, 1, 2,
and 3 years. The 10-year participants will haveitadhl burst
periods at 5, 7.5, and 10 years. While 36 samplese iourst
immediately after repair, 144 samples were bunethé ground at
Stress Engineering’s Waller, Texas Test Faciligmples will be
continuously pressurized at 36% SMYS and cycletini&s once per
month at 36% SMYS and once per quarter at 72% SNBUSst test
samples will be removed from the buried trenchethetdesignated
test periods. Figure 12 includes the test fieldlhy
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Fig. 12. PRCI test field layout and pictures [10]

During the testing period, strain gages will beduse monitor
strain in the corroded steel beneath the compasipairs. The
strain gages from each specimen are connectedcémtzal data
acquisition system that will collect data once menth over a 10-
year period. Among the participant manufacturers, mention:

Armor Plate, EMS Group, T.D. Williamson (10 years
programme); Clock Spring Company, Pipe Wrap (3 years
programme).

The nominal wall thickness of the pipe specimdapshas been
selected such that to obtain approximately the seéBmER
(Standard Dimensional Ratio SDR=D//t,) as the PRCI pipes.
As these pipes hav8DR=34.09, the resulting value for the
nominal wall thickness has begr= 6.0mm.
The defect dimensions have been determined torolthai same
values as per the PRCI experimental program (inctudhree
different values for the defect depth correspondog0%, 60%,
and 75% respectively of the thickndgsfor the non-dimensional
parameters of the defect defined in the standardl 3¥® [2]
characterizing its depth, length and width, redpelyt
h = d 1.28503, _1.285[c

— ) P
t, A JD. [, A JD. O,
whered is the defect deptts, — axial extent or length of defect,
¢, — circumferential extent or width.
Applying equations (1-3) for the PRCI pipes (withetdefect
dimensions shown in Figure 11) and then for ouepiwe have
obtained the following defect dimensions valugs= 133mm;
C,=103mm; d=2.4,3.6,4.5mm. The pipes used as specimens
are shown in Figure 13 before machining the VSD%iarFigure
14 after machining the defects. The specimen gegméil be the
same as the one used by PRCI (Figure 11).
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3
-
-

- * f -
Flg 14 Ihm‘enachlned on
two specimens

Fig. 13. Blank pipes used
for specimens
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4. Description of the planned experimental

programme

Two composite repair systems are intended to bestigated in
our experiments, the ICECHIM wrap repair (descriliedection
2, while its main properties are indicated in Tabjeand a system
using fibre glas€C10 1680, combined with the polymeric resin
KIA-XI (its properties are also shown in Table 1). We ptause
this system instead of KBP as its properties areersaitable for
pipeline repair. However, further tests will be fpemed to better
define the values of the composites properties. dtwposite
wrap thickness will be defined according to theoramendations
of ISO / TS 24817 [4] and the design procedureilgetén [7].

The test planned will comprise hydraulic burst sesf 4-6
specimens and also testing under cyclic pressadirig. Bursting
tests will be performed in the first stage for aebpipe specimen
without defect, then for a specimen without defestd a
composite wrap applied and also for a third spegimégh VSD
but without composite repair. In the second stageyeral
specimens with VSD and repaired with composite wragsing
both investigated systems, IWR abd10 1680) will be tested.
During the first stage of pressure loading (frommozep to the
strain limit of gage), the measurement of pipeissravill be done
using strain gauges preliminary installed on eagecisnen
surface. Two gauges (one in the axial direction amg in
circumferential direction) will be placed outsideetrepaired area
of the specimen and another two in the VSD areasore
applying the filler and composite wrap. Strain mgament of
repaired specimens will be done before (in thetielasgion) and
after applying the wrap.

We are considering also the possibility to applynposite wrap
on a specimen with VSD subjected to internal pnesgthus
simulating an in-service pipeline repair) and talgse the effect
of a pressure decrease on the system pipe-wrap.

In most cases, the main load of a transmissionlipgés the
internal pressure, that is not constant in seraité changes most
significantly during pumping starts/stops and péigel hydraulic
tests. This creates the prerequisites for low-cyalkire in the
zones of stress concentration, among which VSDsghé&umore,
any cyclic loading could adversely influence thénf@cement
effect of composite wraps applied in the damagetkz@herefore,
we regard the cyclic testing of full-scale specimewith
composite wrap repair system as another importaettibn of
our experimental activity, especially taking int@caunt the
important experience in this field accumulated bg tresearch
team from E.O. Paton Welding Institute [8].

In the end, we mention that recent testing has sifatigue lives
for pipelines repaired with composite wraps rangimgn 20,000
to 500,000 cycles, at a pressure level equivate86% SMYS and
VSDs with a depth equal to 75% of the wall thiclknk0].

5. Conclusions

The repair of the areas with metal loss local defeaf the
transmission pipelines applying composite matenaigps has been
used from some time, but the problems regardimtiditnot found
yet technical solutions fully underlain and unanisiy accepted.
For this reason, the authors of this paper intengdrform an
experimental programme with the aim of studying
reinforcement effects of such repair systems. phigiramme will
complete previous results obtained separately byatithors and
will investigate also new problems, among whichhlkebaviour of
repaired pipelines under low cycle pressure.

the
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