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Synopsis :

The strong demand for corrosion resistant offshore steel pipelines in recent years has led
to the making of pipes coated with polyethylene or epoxy resin. Furthermore, for
minimizing buoyancy of the pipes during the laying work and for protecting them on the
sea bottom, concrete-coated pipes have begun to be used. Recently, the authors have
successfully developed a new product whose concrete coating is fast bonded to the
polyethylene coating for a remarkable increase of the adhesive strength of concrete. This
new coated steel pipe is embossed with a rugged pattern on the outer surface of the
polyethylene coating to achieve a perfect bond between polyethylene and concrete so as
to prevent peeling-off of concrete and damages pipe during pipe laying and to improve
pipe protection on the sea bottom. Embossing the outer surface of polyethylene coating
has achieved, at the concrete coating interface, an adhesive strength of more than 12
kgf/cm2 which is about 30 times that for the non-embossed pipe. Chita Works made the

first shipment of the new products to a major oil company in February 1983.
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Development of Embossed Plastic and Conerete Coated Pipe

for Offshore Pipeline

Shojiro Minamiya, Masakuni Shibagoki, Kazuyoshi Kuwata, Teruhisa Usui, Yuji tkeda, Shigeyuki Oba
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Synopsis:

The strong demand for corrosion resistant offshore steel pipelines in recent
years hus led to the making of pipes coated with polyethylene or epoxy resin.
Furthermore, for minimizing buoyancy of the pipes during the laying work and
for protecting them on the sea bottom, concrete-coated pipes have begun to be
used. Recently, the authors have successfully developed a new product whose
concrete coating is fast bonded to the polyethylene coating for a remarkable in-
crease of the adhesive strength of concrete. This new coated steel pipe is em-
bossed with a rugged pattern on the outer surface of the polyethylene coating
to achieve a perfect bond between polyethylene and concrete so as to prevent
peeling-off of concrete and damages pipe during pipe laying and to improve pipe
protection on the sea bottom. Embossing the outer surface of polyethylene
coating has achieved, at the concrete coating interface, an adhesive strength of
more than 12 kgf/em? which is about 30 times that for the non-embossed pipe.
Chita Works made the first shipment of the new products te a major oil compa-
ny in February 1983.
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Table 1 Emboss pattern®?

Item | Type of pattern

Surface pattern

Cross-cut pattern

A Chequer DR \ //\

/\/\/\/\j rg;;;;;lz

B i Straight line I I

3-}

c Tape wrapping
(Single)

\Z

Tape wrapping
{Double)

.

a / ™
7~

E | Non embossed ’

] 7 7 7 7 A
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Loading equipment

Loading plate

Dial gage

Polyethylene coating

Concrete

Supporting ring

Fig. 1 Schema of method of shear strength tese?

Table 2 Shear strength test results

Maximum Shear AV;rage
load strength shear
strength
m‘“ max B max
(t) (kgf}cmzj (kgt/cm?)
1 4 .180 1.08
A | Chequer I 119
2 5.030 1.30
1] 5.650 1.46 o
B | Straight line 1.44
2 5.480 1.41
C Tape wrapping 1 1.575 0.41 0.8
{Single} o 1.350 0.95
D Tape wrapping 1 1.485 0.38 0.7
(Double) 9 1.365 0.5
1 1.610 0.42
E | Non embossed ! 0.38
2 1.265 1 0.3
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Table 3 Mechanical resistance stress

l Straight line Chequre
T (max) l 1.44 keffem? 1.19 kgffem?
A :7 56.9 cm® 44 .5 em?
Ty {(max) 72.5 kglfem?® 70.5 kgfjem?
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Photo 1 Deformation of emboss pattern
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Table 4 Specifications of pipe

Chemical compesition {wt%)

Mecharical properties

. Tensile strength | Yield strength Elongation Charpy
¢ Mn Si P 3 (kgf/mam?) {kgf/mm?) (%) ‘ (kg-m)
{—26°C 2 mmV)
=0.31 =1.35 0.15~0.35 =0.04 =0.05 =46.4 | =36.6 =27.0 ave. =2.07
| any =1.55
JhistlgRtkek Vol. 16 No. 3 1984 —4f —
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I)Oiyethyleﬂe

Pipe receiving
Adhesive polyethylene

Shot blasting
G‘S]ElSl surface inspectim_l)

Pre-heating

{Application of primer|

Pipe

[ Polvethvlene adhesive coating I

Epoxy resin primer

Fig. 2 Schema of adhesive polyethylene coated pipe?

Fi’u]yethyleue anti-corrosion coating 1

e e — —
Specification Typical result
—3 Fmpni S inishi ine ends
}qu?tllylene coating 2.0 mm or above 3 0 mm |_I mishing of pipe ends J
_ thickness i I
Adhesive strength 7.5 kgl/em or above | 15~20 kgljem Visual inspection &
I R — film thickness test
Tensile break strength 200 kelfem? 302 kgffem? Pinhole test
o T Strage vard
Dielectric strength _ 40z kVimm 44 kV/mm Visual & shapd
T - inspection
Pinhole detector 12V 20kV
Density (.93 gm/ml 0.952 gm/m! IC(mcretE weight coating yard
Fig. 4 Manufacturing and inspection procedure of external
Table 6 Concrete specifications coating??
Category 1 | Category 1I
Conerete thickness {mim) 53.0 5.4 I Embossed polyethene pipe —I
Nominal density {gmfem?) 3.04 2.3
| Installation of anode |
SJC*FD 3.0 2,26%9
W/CH 22.3 21.2 Installation of welded steel wire cage
Cement (kg/m®) 833 765 i
Water (l(g,t’m3) 185 162 | Apiphcanon of concrete coating I
Iro : I 8 2499 432 . - ‘ - .
: f] ore (lg/m?) R 3 ( Visual inspection and coating thickness measurement )
Sand (kg/m?®) none* 1297
Compressive strength (7 days)(kgf/em?®)| =210 =210 Curing
Note
*15/C means aggregate-cement ratio. ( Density measuring and compressive strength test j
*#2W /C means water-cement percentage.

#3The ratio of iron ore and sand is about 1:3. ‘
#4Small amount of sund might be used to adjust density. ( Check of sea-water submerged weight )

Final inspection

__~Concrete
{,_A//[/ // ]//'/ ////‘/‘/l Polyethylene

= =
)

i Fig. 5 Manufacturing process of concrete coating??
B AV AT A /7 /7///]/ — .~ Wiremesh

Stee]pipeI//////// Lk

Fig. 3 Schema of concrete and polvethylene coated pipe!? 25 RLCEE, ASTM B BRI, F Ot
% Table 6 (Z7R42Y, T 20— NEA, HRESYRERAMECLD
L, S O@wiay 2 L (RS 3.0mm LE)Y w30 WEEZ CWHEICES S, £, 3220 — FOTHMEEL

M, cobhs, = o FaNI LRy gT, 3 — ba—-F g A50~500 kgffom? & EEA R LCvb, Tws - k34
LA D, = L S E I DM Y Fig. 3 iR,
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Photo 3 Embossed polyethylene and concrete coated pipes'
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__E.D
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R=C0verbend radius of curvature (ft)
E=Elastic modulus (=30x 10° psi)
D=0utside steel diameter of pipe (ft)

&y=Minimum specified yield stress of pipe

Dy =Design factor, usually 0.85
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Fig. 6 Method for constructive pipe line (A H. Mousselli2))
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Fig. 7 Relations between press-down load and deformation
quantity!’

Photo 4 Setup for bending test!?
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Fig. 9 &0z oK 2 WEIRIE Ot WY, —feo WEHmE
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30 ‘/ !
|
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25 '/ /lﬁ \Embossed
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Fig. 8 Relation between load and radius bending®
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Fig. 9 Bending stiffnesst
Table 7 Results of impact test?
A .. Crack length of longitudinal section
Drop ™. Embossed No-embossed
height ~{
1m 0.25m ' 1.0m
3m 0.8 m ruplure of concrete coating
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F LU Photo 7 1Z/R-44%, = o Hf2gi#sEsiz, ¥ oFr L o4
L& s~ NEONER (2747 42) sdhe, BRICT
A= FPOEENEL IS LEDND,

=
=

i

Photo 5 Impact test?

Photo 6 Rupture of no-embossed pipe after 3m height
impact test!?

49—

Photo 7 Damage of embossed pipe after 3m height
impact test!
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