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fisef"Ch Advanced materials for internal
N Future Materials repair Of Steel pipes

Braided shape-memory polymer composite liner:

Fold and formed trenchless system

Tri-axial braiding machine CFR-SMP Structure (Bruce et al., 2006)

Novel particulate-filled (PF) polymer coating systems:

Can be engineered to:
« Adhere to steel pipe surfaces with no
surface preparation

« Optimal viscosity to ensure
penetration but will flow from top of
pipe to bottom prior to curing

« Minimal curing requirements

« Compatible with future maintenance
and pipeline modifications

+ Optimal strength and high durability

Failure of the
composites

PF polymer coating

PF coated composite sleepers
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Modelling of composite pipe-in-
steel pipes

Analysis of steel pipe with internal composite repair

Pipe geometrical properties Steel material properties
Taternal . Inner composite cviinder Quter steel eviinder Type of pipe 150ND Type of Steel X42* X65*
Impermeable liner Outside diameter (mm) 1683 P
FRP Quter steel pipe - - -
- Original pipe thickness (mm) 711 Young's Modulus (E) - MPa 200000 | 200000
(LOC) % 0 20 | 40 | 60 | 80 [Poisson’s Ratio 029 027
), Stuctural Intemal Specified Minimum Yield Strength-SMYS
"\ idealisation corrosion |atemal radius () | 77.040 | 78.462 | 79.884 | 81.306 | 82728 \in = 29 450
Extemnal radius (mm) 84.15 . § - -
100 ° o | % I m I % | ) Minimum Tensile Strength (MPa) 415 535
o 2
Etemal el radius (o) 77.04
comrosion - - Allowable Stramn 0.001 0.002
Extemal radius (mm) | 84.150] 82.728] 81306 79.884] 78462

= Steel properties according to API Specification 5L and ASME B31.4-2002 standards

(a] / PN

; -, o GFRP (E
»"':::‘FI(HDDLMEJ(RENJ‘::D Material properties glass/Epoxy
R : (M103/3783))
VY . ! Vi (Fibre vol i 0.5
; ’.‘EZ(A’““D ;# Efillz;(ehzgal;merauﬂ) 24500
S Vi 0.11
AN oy, - Allowable tensile strength in longitudinal direction (MPa) 433
(b) 6 1.~ Allowable compressive strength in longitudinal direction (MPa) 377
Ultimate tensile strain (g"};) 0.017
(a) Internal composite repair components and (b) superposition approach
2 2
2P (1-1f)
2 2 2,.2
90,uter _ (PSTS - Piri ) + [(Ps - Pl)rs T ] i (?" —?‘S)
- Ll 2 2 2
Jrouter (Tl-z - TSZ) (Tiz — 7‘52) T2 [(rs +ri )(1 19 )] 19 (1 + 9. )] [El(l ﬁz)(rs +7{ ) Er,(1+190)19 ]
,qu(?‘s _ra Ey

At inner composite cylinder

Contact pressure at the internal composite repair and steel pipe interface

2 2,.2
Bouter _ Psts + I 1 o 2 o o o 2 gN2
- - ) 1 1 2 2 12
O-Touter (TOZ - TSZ) (Toz - T:S.Z) Tz —0- —_ —0 _0- + —0- + (—T ) = F]
1.p 1B 2,8 2,8 12

At outer composite cylinder . . . .
Failure index for inner and outer cylinder

Subjected to internal pressure Pi
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Modelling of composite pipe-in-
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Analysis of steel pipe with internal composite repair
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0.004 GFRP ° o L) 270 i
- P,=22.76 MPa - O GFRP-Tsai
L] (Pi=20.438 MPa)
'. ...... X42-VYM
0.002 ot 265
'Y (Pi=30.58 MPa)
0 T y y %0 ® X‘,Z'VM
(Pi=20.438 MPa)
69.88 7188  73.88  75.88  77.88  79.88  81.88  83.88
10 mm CFRP/GFRP inner composite cylinder X42 150ND-LOC 40% steel pipe
Distance from internal radius to outer radius (mm)

VM stress and Tsai Hill Fl variation for 10 mm GFRP and
CFRP internal composite repair systems
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Internal pressure corresponds to steel yielding at
common interface (MPa)
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Internal composite repair design nomographs for
150ND pipe

Distance from internal radius to outer radius (mm)
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Hoop Stress (MPa)

Through thickness stress variation (hoop direction) against different bond
coefficient (X42 150ND - 80% LOC, 2 mm CFRP internal repair, Pi =1MPa)

Internal Repair thickness (mm)
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20.00 mm
N =% +X42 Steel-CFRP
,,/ internal repair
16.00 mm A/ (Pi=18.4 MPa)
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12.00 mm A’, === X42 Steel-GFRP
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8.00 mm /f/ L~ ( )
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Required internal composite repair thicknesses for rectify
operating pressure of 18.5 MPa for X42 steel
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e;Sff"‘Ch Methods for testing and analysis of
N, Future Materials repaired steel pipes

x ‘
Material Environmental
characterisation chamber

. . -—,,
Internal composite Y _J I
repair system i '

DX (mm)  9.962919x 107
B DY (mm) -1.783776x 10"
DZ {mm)  0.000000x10°

3.2 mm

¥ i
./4 |
- Nan - ——

Axisymmetric external defect
0.5D axial with 50% LOC pipe

% exaggerated h
displacement of radial
direction

DX (mm) -1.070819x 107
. DY (mm) -1785721x107
Dz (mm)  0.000000%10°

teel and composite separation at failure = 9.96+0.0107+3.2 = 13.14 mm

S R4

I FRYEA = =0 3 z ___Actual steel and ¢omposite -
. : separation at failure = 13.50 mm
- A A

Hydrostatic testing of repaired pips (external énd internal) FE analysis and simulation
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