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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 of 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
12kgf/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.

(c)JFE Steel Corporation, 2003

The body can be viewed from the next page.




KAWASAKI STEEL TECHNICAL REPORT No. 11 March 1985

Development of Emhossed Plastic and Concrete
Coated Pipe for Offshore Pipelines*

Shojiro MINAMIYA=*
Teruhisa USU~

Masakuni SHIBAGAKI**
Yuji IKEDA**

Karuyoshi KUWATA**
Shigeyuki OBA***

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, con-
crete-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 remark-
able 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 be-
tween polyethylene and concrete so as to prevent peeling-off of concrete and damages of pipe
during pipe laying and to improve pipe protection on the sea hottom. Embossing the outer sur-

face of polvethylene coating has achieved, at the concrete coating interface, an adhesive
strength of more than 12 kgficm?’ 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 campany in Febru-

ary 1983.

1 Introduction

Pipelines play an important role in the world energy
industry by effectively transporting gas, petroleum, wa-
ter, etc. Steel pipes for these pipelines are subjected to
various corrosion protection treatments according to
their applications. A combination of anticotrosive coat-
ing and cathodic protection has so far been considered
the most economical and effective means of corrosion
protection.

Bituminous materials, such as asphalt and coal-tar
enamel, were mainly used as external protection coat-
ings in the past. In recent years, however, plastic mate-
rials, such as polyethylene resin and epoxy resin, have
been mainly used in this application. Especially in the
case of offshore pipelines, high-quality pipe that ensures
high safety is required because the corrosive environ-
ment is severe and besides it is almost impossible to
check and repair pipe after laying.

The Chita Works of Kawasaki Steel has so far pro-
duced large amounts of polyethylene-coated steel pipes
for offshore pipelines as well as those to be laid on land
by the round die method at its coated pipe mill. Based on

* QOriginally published in Kawasaki Steel Giho, 16(1984)3,
pp. 198-204.
** (Chita Works
**+ Enginecring Division

techniques thus accumulated, the Chita Works devel-
oped coated steel pipe with increased safety for offshore
pipelines by applying a concrete coating to the external
surface of polyethylene-coated steel pipe excellent in
long-term corrosion resistance. In this coated steel pipe
(hercinafter called embossed polyethylenecoated pipe),
embossing are applied to the external surface of a polye-
thylene coating to increase the bond between polyethy-
lene and concrete. This increase in the bond is aimed at
preventing troubles during pipe laying, such as peeling-
off of concrete and pipe damage, and improving pipe
protection at the sea bottom. This concrete coating has
the following two purposes:
(1) Prevention of the pipe floating due to buoyancy dur-
ing pipeline laying
(2) Prevention of impact damages to laid pipes due to
anchoring from ships, by otter boards of fishing
trawls, etc.

This paper describes the development of the
embossed polyethylene-coated pipe and results of vari-
ous performance tests conducted to investigate the
mechanicai characteritics for practical use.

Incidentally, this embossed polyethylene-coated pipe
is used in principal parts of a gas transportation offshore
pipeline (total length: 42 km) laid in Japanese waters by
a major oil company.
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£ Loading equipment
2 Progress of Development

Loading plate

2.1 Preliminary Investigation and Analysis

Because of its very smooth external surface, the con- i ~1, Dial gage
ventional polyethylene-coated steel pipe has a low bond- ]
ing strength with concrete, leading to various troubles
during pipeline laying. For this reasen, how to increase RN - Polyethylene coating

the bond between the external surface of polyethylene
and concrete is one of the most important problems.
The following two methods may be used to this end: R
(1)} Mechanical shear connectors are installed at the i - Supporting ring
interface as with composite girders used in bridges.

(2) Protrusions are made on the steel surface as with
deformed bars. .
The latter method is favorable from the standpoints of
workability, material cost, etc., and examination was
made with a view to finding a good method of making

Concrete

surface protrusions. There are the following two con- Fig. 1 Schema of method of shear strength test”
ventional methods of embossing the external surface of

polyethylene: Table 2 Shear strength test results

(1) Tape wrapping

(2) Hot plate stamping Maximum Shear Average

It was decided to make, as trial, four patterns which load strength stsrl;?uaggth
were deemed typical and possible to make by these two Poax Ta max T8 max
methods, and to select the best one in terms of the bond- ® (kgf/cm?) | (kgf/em?)
ing strength with concrete. 1 4.180 108

Used as the test material was steel pipe under API A | Chequer 119
SLXS2 (4064 mmg, 7.9 mmy, 4000 mml), with a o 1.30
2.4 mm thick high-density polyethylene coat applied to 1 5.630 146
the external surface. The embossed patterns given in B | Straight line P E— i 144
Table 1 were made by the above-mentioned two : i
methods. The concrete used had a specific gravity of 2.2 c | Tape wrapping 1 1.575 0.41 038
and a compressive strength of 350 kgf/cm?, reinforced {Single) 5| 1350 0.35 ’
with chicken wire nets (38 mm) of steel wires #17.

The bonding strenth test was conducted using a 50 t p | Tape wrapping 1] 1465 0.38 0.37
universal testing machine. The test pipe was set and {Double) 2 1.365 0.35 i
loaded as shown in Fig. 1 and the relative displacement . 610 042
between the external surface of polyethylene and con- E | Non embossed i i 0.38
crete was measured with dial gages. Table 2 shows the 2 1.295 0.33

Table 1 Embossed patterns

Item | Type of pattern Surface pattern Croess-cut pattern

A Chequer D </> </> </§’ @ l%
B Straight line [ l I : : : : } ] %
c ") T 7 |
o | T~ A |
E | Non embossed [ I r%
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Table 3 Mechanical Resistance Stress

Straight line Chequre
L (max) 1.44 kgf/cm? 1.19 kgf/cm?
A 56.9 cm? 44.5 cm?
T (max) 72.5 kgf/cm? 70.5 kgf/cm?

results of the test. The bondig stess 1 Is generally given
by the following equation:

P
e 1
DL M
where  P: applied load (kgf)

D: outside diameter of pipe, including
polyethylene coating (cm)
L: concrete coating width {cm)

The bonding strength 7y is given by a resultant stress
of adhesive stress 7, frictional stress r; and mechanical
resistance stress T, i.€., Ty =T, + Ty + Tp. If 7, of non-
embossed pipe is taken as 0.4 kgf/cm? and it is supposed
that t;== 0 because normal stress does not act and that
T, is proportional to the area of embossed surface A
(cm?), then the (ollowing equation is introduced:

_bL
A

Table 3 gives results obtained by inserting experiment
data into the above-mentioned two equations.

(TB —T,)

Tm

2.2 Determination of Embossed Pattern

From the results of the preliminary investigation so
far conducted, it was revealed that the straight line has
the greatest effect on bonding strength among the four
types of pattern. Therefore, the relation between the
bonding shear strength and the projected area A, of the
embossed part and the relation between the average
shear stress and the slippage were clarified, and an
embossed height of 1.7 mm was determined in consid-
eration of the stability of embossing work.

The rolling method and the pressing method were
then examined as embossing methods. An experiment
was conducted on coated pipe of 89.1 mm outer diame-
ter by the rolling method and it was found that this
method had the following problems:

(1) Theembossed pattern becomespartially nonuniform
due to a difference in the circumferential speed of
rolls. Phote 1 shows a deformed embossed pattern.

(2) It is difficult to heat rolls uniformly.

(3) The embossing speed of rolls (1 m/min) is too low to
keep up with the polyethylene coating speed (3 to
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Photo 1 Deformation of embossed pattern

5 m/min).

Next, the press method was examined by conducting
an experimertt using a mold with a heater, There was no
basic problem, and optimum embossing conditions
were obtained after trying various changes in the pres-
sing temperature, pressure and time.

The degree of deterioration of polyethylene by the
effect of heat during embossing was determined by the
Fitz-Simol test. It was found from the results of intrinsic
viscosity {(#) measurement that polycthylene is stable at
contact temperatures up to 270°C and begins to dete-
riorate above 300°C. Results of an investigation of the
texture of lowered molecular polyethylene with a pola-
rizing microscope also show that polyethylene is stable
below 270°C and begins to deteriorate above 350°C.

Furthermore, it was found that at 200 to 300°C polye-
thylene is not influenced at all in mechanical and physi-
cal properties such as tensile strength, impact strength,
dielectric strength and density.

2.3 Embossing Equipment

Photo 2 shows the embossing equipment. There is a
portal-type embossing machine at the center of the line.
A traveling carriage is installed on the entry side and




embossing is conducted by advancing this carriage

through a tunnel-like heater by pitches corresponding to

the heater width. Embossing are made as profiles incor-
porating a sheathed heater are pressed at the same time
from three directions.

The steel pipe transportation carriage is of the self-
traveling type. Steel pipe is received by V-type supports
and speeds are automatically changed by a frequency-
changing motor to increase the accuracy of stop posi-
tion.,

The embossing machine proper has the following fea-
tures:

(1) Pipe ends usually have a curvature of about 1/1000
and the mold is longitudinally divided into four por-
tions in order to eliminate the effect of this curva-
ture.

(2) The out of roundness (difference between long dia-
meter and short diameter/nominal diameter) of
steel pipe is expected to be about 0.5% maximum.
The moid is circumferentially divided into three

portions {o cope with the out of roundness.

(3) To prevent the excessive thrust of the mold, a stop-
per is installed so as to prevent excessive biting of the
mold.

3 Production of Embossed Polyethylene-Coated
Pipe
The Chita Works produced about 1 000 t of embossed
polyethylene-coated pipe for a major oil company. The

specifications of the pipe and the manufacturing proce-
dure are described in the following.

3.1 Specifications of Pipe

The material pipe used is seamless steel pipe API
51.X57. Table 4 gives the chemical composition and
mechanical properties of the material pipe. NACE,
ASTM and DIN standards were applied as the coating
specifications. Figure 2 shows the coating composition.
Table 5 shows principal specifications and results.

Table 4 Specifications of pipe

Chemical composition (wt %) Mechanical properties
C Mn Si P Tensile strength| Yield strength Elongation Charpy
5 (kgf/mm?) (kgf/mm?) (%) tkg-m)
-26C 2
<0.31 =13 0.15-0.35 <0.04 <0.05 =2 46.4 Z36.6 =270 ( ave. gzri]r;lV)
any. 21.55

Polyethylene
Adhesive polyethylene

Epoxy resin primer

Pipe

Fig. 2 Schema of adhesive polyethylene coated pipe"

Table 5 Properties of polyethylene compound

Specification Typical result
Fh?‘lzslf{eggg’slene coating 2.0 mm or above 3.0 mm
Adhesive strength 7.5 kgf/cm or above | 15~20 kgf/cm
Tensile break strength 200 =2 kgf/cm? 302 kgf/cm?®
Dielectric strength 40 =z kV/mm 44 kV/mm
Pinhole detector 12kV 20kV
Density .93 gm/ml 0.952 gm/mi
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Table 6 Concrete specifications

Category T | Category It
Concrete thickness (mm}) 53.0 25.4
Nominal density {gm/cm?) 3.04 2.35
s/C*n ' 30 2,269
W/C? 22.3 21.2
Cement (kg/m?) 833 765
Water {kg/m%) 186 162
Iron ore (kg/m3) 2 499 432
Sand (kg/m?3) none*!| 1297
Compressive strength (7 days) (kgf /cm?) =210 =210

Note

*US/C means aggregate-cement ratio.

*2W/C means water-cement percentage.

*3The ratio of iron ore and sand is about 1:3.

*# Small amount of sand might be used to adjust density.
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The coating process is described in the following.
Rust is removed by shot blasting the external surface of
pipe to SIS Sa 25 or more. After the application of epoxy
resin  primer (target thickness: 20 um), adhesive
polyethylene (target thickness: 0.5 mm) is extruded and
high-density polyethylene (target thickness: 3.0 mm or
more) is then extruded, followed by the embossing proc-
ess and further by the concrete coating process.

ASTM specifications are applied to the concrete
material. Table 6 shows main specifications of concrete.
The concrete thickness, nominal density, ctc., are
changed properly depending on the place of pipe laying.
The compressive strength is 350 to 500 kgt/cm? and
satisfies the specifications. Figure 3 schematically shows
the section of a polyethylene-coated pipe which is fur-
ther coated with concrete.

__~Concrete
F%/Z /// 1//'_/ Lyl 7Pn|yerhylene

)

_ .~ Wiremesh

| A e e A pa
Steel pipe ZZZ P TTXTIT

Fig. 3 Schema of concrete and polyethylene coated
.
pipe

Shot blasting

@last surface inspecti@

Pre-heating

|

LApplication of primer]

Heating

i

l_Polyethylenc adhesive coating l
]
[ Polyethylene anti-corrosion coating—l

Pinhole test

[ Finishing of pipe ends |
—

Visual inspection &
film thickness test

Strage yard

Pinhole test

Visual & shape
inspection

LConcrete welght coating yard]

Fig. 4 Manufacturing and inspection procedure of
external coating”
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The bonding strength between polyethylene and con-
crete of a composite pipe made by the above-mentioned
process is 12 kgf/cm? (specified strength: 2.5 kgf/em? or
more) and is 20 to 30 times that of coated steel pipe not
embossed (hereinafter called general coated pipe) in the
range of 0.4 to 0.6 kef/em.V

Incidentally, the polyethylene coating process and
concrete coating process are shown in Figs. 4 and 5,
respectively. Photo 3 shows embossed polyethylene and
concrete coated pipes,

L Embossed polyethylene pipe

l [nstallation of anode ]

1

Installation of welded steel wire cag

I Application of concrete coating ]

‘ Visual inspection and coating thickness measurement )

!

Curing

1

( Density measuring and compressive strength test '

i

( Check of sea-water submerged weight )
( Final inspection)

Fig. 5 Manufacturing process of concrete coating"

Photo 3

Embossed polyethylene and concrete coated
pipes"
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4 Mechanical Characteristics for Practical Use

Figure 6 shows a representative pipeline laying
method using a laying barge”. Pipes 12 m in length are
continuously welded on board and are delivered into the
sea from the stern. The performance of the pipe was
investigated by supposing this laying method and the
damage at the sea bottom.

Mean water level

A

Stinger

—ipe line

Sea bed Anchor line

Fig. 6 Method for constructive pipe line (A. H.
Mousslli?)

"

4.1 Test Material

Highly adhesive polyethylene with a thickness of
3.0 mm was applied to the external surface of steel pipe
324.0 mm in outside diameter and 9.5 mm in wall thick-
ness. The pipe was then embossed and coated with
53.0 mm thick concrete reinforced with steel wires. Pipe
thus manufactured was used as the test material.

4.2 Flattening Test

The flattening test was conducted using a 200 t testing
machine to investigate the deformation behavior of the
pipe when flattening forces are applied from above and
below by a pipe fixing device (tensioner). Results of this
test are shown in Fig. 7. It is apparent that loads applied
to the embossed polyethylene-coated pipe until the final
concrete cracking and the peeling-off of concrete from
polyethylene are about 5 tf larger than those applied to
the general coated pipe. This is considered attributable
to an increased bond by embossing between the external
surface of polyethylene and concrete, thereby suppress-

Concrete-
af desity
25f e FEEE TR RIS Embossed 2.35
it " 3.04
20r / p——— e Non-embossed 235

Pt

;/ ' ” 3.04

(2]
T

0 2 A n L
1 20 30 40

Jd(mm)

Fig. 7 Relations between press-down load and defor-
mation quantity"
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ing the peeling-off of concrete.

4.3 Flexure Characteristics

The bend radius (R) during pipe-laying was deter-
mined and the simple-bending test was conducted. The
minimum bend radius for design is given by the follow-
ing equation:

E-D
R = o 3
20’0 . DF )
where, R: Overbend radius of curvature (ft)

£ - Elastic modulus {= 30 x 10° psi)

D: Outside steel diameter of pipe (ft)

ay: Minimum specified yield stress of pipe
Dy Design factor, usually 0.85

When the bend radius (R) is calculated by the above-
mentionied equation from the specification of the steel
pipe made this time, we obtain R = 110 m.

Next, the simple bending test was conducted on pipes
of actual length {length: 12.2 m) to investigate the yield
strength, stiffness, etc. of the embossed polyethylene-
coated pipe with this bend radius. Photo 4 shows the
pipe being tested. Loads were applied at two points and
were gradually increased until concrete was crushed or
peeled off from the external surface of polyethylene.

Figure 8 shows test results. As is apparent from this
figure, the bending vield strength of the general coated

i o

& /// /LP\Embossed
Jol ! ~No-embossed
i ﬁ”

10} /A/x’7 :

[
RPN St g L ——Range of laying
- EXA-'-‘_-" : radius
f L i L L i Ly e i

400 350 300 250 200 IS0 100 50 O
R{m)

Pty

Fig. 8 Relations between load and radius bending
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pipe is 21 tf, while that of the embossed polyethylene-
coated pipe is 26 tf. It can be seen from this that
embossed surface of the coating contribute to the bend-
ing yield strength. In the general coated pipe, cracks
were formed in a wide area and the gap of the cracks was
wide. In the embossed polyethylene-coated pipe, hair
cracks were formed and the depth and degree of these
hair cracks were smail. Similarly, the bending stiffness
(E,- 1.} was calculated by the following equation®:
E,.1.="%
g
where, E . Elastic modulus
f.: Geometrical moment of inertia
M Bending moment
o: Curvature (1/R)

Figure 9 shows the bending stiffness I, - f_at M of
40 tf - m (P = 20 tf) and at a curvature g of 1/100. Itis
apparent from this figure that the bending stiffnes$ of
the embossed polyethylene-coated pipe is about 1.4
times that of the general coated pipe. Therefore, it is
expected that the pipe damage during laying work in
rough seas and deep seas can be reduced in the future.

4.4 Otter Board Impact Test

Pipelines on the sea bottom are subjected to various

.2t ' 415
_ 5.0 ]
© 1
g i 1 &
z 1 o
o 1
= i 414 %
= [ ] w
E - E
— 1
7 i 1 &
Y 1 — —
< 40 ! °g
K / ! Ji2 2%
g 1 1 E E
= : ! v 8
2 i | 1 Z¢
5 ! 1
1 1
32k I . 1o
1 1 1
30k ! ! '

Bare No embossed Embossed
steel  pipe pipe

Fig. 9 Bending stiffness”

Table 7 Results of impact test"

Crack length of longitudinal section
D e R
Lz?ght Embossed No-embossed
1m 0.25m 1.0m
3m 0.8 m rupture of concrete coating

Ne. 11 March 1985

exlernal forces, such as those generated by anchoring
from ships and collisions of otter boards of fishing trawls,
in addition to external forces from the natural environ-
ment, such as tidal currents, movement of sea-bottom
soil and ground pressures by earthquakes. To investigate
the resistance to these external forces, a drop test was
conducted using an otter board (length: 2.0 m, width:
1.5 m, thickness: 0.2 m, weight: 1.5 t) of a fishing trawl
used in Japanese waters.

Phote 5 shows the condition of the drop test. The otter
board was dropped from heights of 1.0 and 3.0 m onto
the axis of pipe placed on a sand mat and the condition
of rupture was examined. Table 7, Photos 6, and 7 show
test results. It is evident that embossing increases the
composite stiffness of polyethylene coated steel pipes
and concrete, thereby reducing concrete damage due to
impact.

5 Conclusions

The bond between polyethylene and concrete is
markedly increased by embossing the external surface
of steel pipe coated with a high-adhesive-type polyethy-
lene excellent in corrosion resistance. The bonding
strength of this embossed polyethylene-coated pipe was
12 kgf/cm?, which is about 30 times that of the general
coated pipe. It was ascertained that the embossed polye-
thylene-coated pipe having this high bonding strength

Photo 5 Impact test”
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Photio 6 Rupture of Non-Embossed pipe after 3 m
height impact test”

shows excellent resistance to flattening forces, bending
stresses, etc. during pipe laying, showing excellent per-
formance in withstanding the impacts at the sea bottom.

About 1000t of this embossed polyethylene-coated
pipes with these excellent features were used in subma-
rine pipelines of Iwaki Offshore Gas Field, a second
commercial gas field in Japan, and the pipeline laying
work was successfully completed in the autumn of 1983.
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Photo 7 Damage of embossed pipe after 3 m height
impact test"
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