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Ultimate Tensile
Strength, Maximum

Mpa PSI Mpa PSI Mpa

A25 25,000 (172) 45,000 (310)

A 30,000 (207) 48,000 (331)

B 35,000 (241) 60,000 (413)
X42 42,000 (289) 60,000 (413)
X46 46,000 (317) 63,000 (434)
X52 52,000 (358) 66,000 (455)
X56 56,000 (386) 71,000 (489)
X60 60,000 (413) 75,000 (517)
X65 65,000 (448) 77,000 (530)
X70 70,000 (482) 82,000 (565)
X80 80,000 (551) 90,000 (620) 120,000 (827)
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26°C 68.75 26.000 0.252 68.75 25.500
26C 77.18 26.000 0.281 77.18 25.438
26 85.60 26.000 0.312 85.60 25.367
26 94.26 26.000 0.344 94.26 25.312
26 Std. 102.61 26.000 0.375 102.63 25.250
26 110.98 26.000 0.406 110.98 25.188
26 19.57 26.000 0.438 119.57 25.124
26 127.88 26.000 0.469 127.88 25.062
26 XS 136.17 26.000 0.500 136.17 25.000
26 152.68 26.000 0.562 152.68 24.876
26 169.38 26.000 0.625 169.38 24.750
26 185.99 26.000 0.688 185.99 24.624
26 202.25 26.000 0.750 202.25 24.500
26 218.43 26.000 0.812 218.43 24.376
26 234.79 26.000 0.875 234.79 24.124
26 251.07 26.000 0.938 251.07 26.000
26 267.00 26.000 1.000 267.00 24.000

C: These sizes are special plain-end weights

XS: Extra-Strong
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API 5L API Specification for Line Pipe
API 5LX API Specification for High-Test Line Pipe
ANST 3 lastil (#= 1
ANSI B2.1 Basic standard for steel pipe threads
ANSI B36.10 Basic dimensional standard for all steel pipe
ANSI B31 Code for design and construction of pressure piping systems, consisting of the
following sections:
ANSI B31.1 Power Piping Systems
ANSI B31.2 Industrial Gas and Air Piping Systems
ANSI 831.3 Petroleum Refinery Piping
ANSI B31.4 Liquid Petroleum Transportation Piping
ANSI B31.5 Refrigeration Piping Systems
ANSI B31.6 Chemical Process Piping
ANSI B31.7 Nuclear Power Piping
ANSI B31.8 Gas Transmission and Distribution Piping
ASTM 3 jlsstad (#=te.
ASTM A53 Welded and Seamless Steel Pipe
ASTM A106 Seamless Carbon Steel Pipe for High Temperature Service
ASTM A135 Electric-Resistance-Welded Pipe,30 inch and under, intended for conveying liquid,
gas, or vapor
ASTM A13S | Ejectric-Fusion (Arc)Welded Straight-Seam or Spiral-Seam Pipe,4 inch and over, wall
thicknesses up to 5/8 inch inclusive. Intended for conveying liquid, gas or vapor.
ASTM A333 Seamless and Welded Steel Pipe for Low Temperature Service
ASTM A523 Plain End Seamless and Electric Welded Steel Pipe for High Pressure Pipe-Type

Cable Systems
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2) Material of line pipe

3) Grades of steel line pipe

4) pipe ends

5) Line pipe dimensions and weights
6) Line pipe manufacturing
6-1) Seamliess pipe

6-2) ERW pipe

6-4) Spiral (helical) seam pipe
7) External coating
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Modern man's life has been based on structures
in which energy fulfills a prevailing role and the
standards of life in his society, in particular in
highly developed areas, lead to ever increasing
demands for energy.

0il and Gas are major participants in the energy
supply of our modern world. Moreover, the
future of mankind is subordinated to the
sufficient and adequate supply and distribution
of this form of energy.

Pipelines provide a very economical method of
transporting fluids and gases over great

&
ey po
N1LO.C

Manufacturing Sug & Procurement (MSP
' | . S%Pr:;tmu NAFT nnn_r{manfr

distances and despite the large initial capital
investment required for their construction, they
show low operating cost.

After oil was discovered in Pennsylvania in
1858, a new use for pipe and pipelines soon
emerged. The first o1l pipeline, a 2.5 mile-long 2
inch- diameter pipeline was laid in 1863. It
delivered or tranfered 800 barrels of o1l per day.
Line pipe for constructing pipelines is used to
transport crude oil and natural gas from the wells
to refineries, storage tanks, loading and
distribution centers.




An Introduction to Line Pipe

Line pipe for constructing Oil and Gas pipelines
is made from steel, and in particular, either low-
carbon steel or lowalloy steel. These two types
of materials are primarily composed of iron (98
to 99 percent iron), but small amounts of carbon
(0.001 to 0.30 percent by weight), manganese
(0.30 to 1.80 percent by weight), and other
intentionally added alloying elements in small
amounts (columbium, molybdenum, vanadium,
titanium) can have beneficial effects on the
strength and toughness of steel (" Toughness" 1s
the ability to resist crack propagation.). These

Yield Strength Minimum

Ultimate Tensile
Strength, Minimum

materials are stable: their properties do not
change with the passage of time. Low-carbon
and low-alloy steels are susceptible to oxidation
(i.e., corrosion) in air, water, or soil
environments. They can be satisfactorily
protected from corrosion by suitable coatings
and by the application of an appropriate level of
electrical direct current referred to as cathodic
protection.

Stainless or high-alloy steels are essential for
special applications such as in high-temperature
piping, but they are not suitable and cannot be
made economically in the quantities needed for
use in pipelines.

Ultimate Tensile
Strength, Maximum

Mpa

A25 25,000 (172) 45,000 (310)

A 30,000 (207) 48,000 (331)

B 35,000 (241) 60,000 (413)
X42 42,000 (289) 60,000 (413)
X46 46,000 (317) 63,000 (434)
X52 52,000 (358) 66,000 (455)
X56 56,000 (386) 71,000 (489)
X60 60,000 (413) 75,000 (517)
X65 65,000 (448) 77,000 (530)
X70 70,000 (482) 82,000 (565)
X80 80,000 (551) 90,000 (620) 120,000 (827)
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Grades specified by API spec SL are A25, A, B,
X42, X46,X52,X56,X60, X65,X70,and X80.
These grades shall conform to the tensile
strength requirements specified in table(1).

The grade designations used herein for grades A
and B do not include reference to the minimum
yield strength. Other grade designations used
herein comprise the letter A or X followed by the
first two digits of the minimum yield strength.
Lower grade pipe, generally obtains adequate
strength from normalized carbon-manganese
steel. For grade above X52 the increased
strength requires additions of other
strengthening elements (Niobium/Vanadium).
special rolling techniques or quenching and
tempering.

Specified Wall

Thickness (In.)

X3

s

N.LO.C

Manufacturing Support & Procurement (MSP)
Tehran KALANAFT Company

Pipe shall be furnished threaded or plain end.
Spiral weld pipe may not be threaded.

Unless otherwise ordered, plain-end pipe in
sizes 2 3/8 and larger shall be fumished with
ends beveled to an angle of 30 degrees(+>
degrees, -0 degrees) measured from a line drawn
perpendicular to the axis of the pipe, and with a
root face of 1/16 in., £1/32 in.(1.55 mm, £0.79
mm).

For seamless pipe where internal machining 1s
required to maintain the root face tolerance, the
angle of the internal taper, measured from the
longitudinal axis, shall be no larger than the
following:

The end finish of pipe sizes smaller than 2 3/8
shall be specified on the purchase order.

Maximum Angle
of Taper (degrees)

Less than 0.418 4
(10.6mm)
0.418 thru 0.555 9 1
(10.6thru 14.1mm)
0.556 thru 0.666 11
(14.1 thru 16. 9mm)
Over 0.666 (16.9mm) 14

A Introduction to
Line Pipe



An Introduction to Line Pipe

plain-end line pipe varying from 0.405 to 80
inch. Outside diameter(D), wall thickness(t).
plain-end weight(wpe) and inside diameter(d)
are specified in table(3) for a 26" nominal size
line pipe, as an example.

According to API SPEC 5L, threaded line pipe.
varying from 0.405 to 20 inch in diameter and

Besiguation Outside wWali Plain-End _Inside :
e wanwese "B ey W
26C 68.75 26.000 0.252 68.75 25.500
26C 77.18 26.000 0.281 77.18 25.438
26 85.60 26.000 0.312 85.60 25.367
26 94.26 26.000 0.344 94.26 25,312
26 Std. 102.61 26.000 0.375 102.63 25.250
26 110.98 26.000 0.406 110.98 25.188
26 19.57 26.000 0.438 119.57 25.124
26 127.88 26.000 0.469 127.88 25.062
26 XS 136.17 26.000 0.500 136.17 25.000
26 152.68 26.000 0.562 152.68 24.876
26 169.38 26.000 0.625 169.38 24.750
26 185.99 26.000 0.688 185.99 24.624
26 202.25 26.000 0.750 202.25 24.500
26 218.43 26.000 0.812 218.43 24.376
26 234.79 26.000 0.875 234.79 24.124
26 251.07 26.000 0.938 251.07 26.000
26 267.00 26.000 1.000 267.00 24.000

C: These sizes are special plain-end weights
XS: Extra-Strong

Table m:;ﬁﬁgnﬁlgrqﬁrﬁ'ﬁ'ﬁ_h'lm
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nufacturing.

Welded and seamless steel line pipe commonly
used to convey gas, water and oil in the
petroleum and natural gas industries.

Recent vears have seen a trend toward the use of
increasingly high grades of line pipe for
petroleum and natural gas transport. Both
dimensional and material property requirements
have become increasingly rigorous. Greater
diameters and heavier gauges, as well as higher
strength, have been needed to improve transport
efficiency, and better toughness is required for
arctic service. Formerly, UOE (U & O-ing Press
Forming and Mechanical Expanding) pipe was
used to meet these needs, but electric-resistance
welded (ERW) steel pipe has been increasingly
adopted. Not only is ERW pipe lower in
production cost than UOE, but improved hot-
rolled coil quality and progress in welding
techniques have also led to improved product
reliability.

Line pipe-manufacturing for major pipelines are
restricted to:

6-1) Seamless pipe

Seamless line pipes are used to transport o1l and
gas from the well site to refineries, storage tanks
and other high-pressure locations.

In the seamless pipe-making process round
billets are heated in a furnace, after which they
are pierced, and then rolled by the Mandrel or
Plug-Mill process into pipes of specified
diameters and wall thicknesses(for more
information refer to seamless pipe booklet).

6-2) ERW pipe

ERW pipe is defined as pipe having one
longitudinal seam formed by electric-resistance
welding, without the addition of filler metal,
wherein the edges to be welded are
mechanically pressed together and the heat for
welding is generated by the resistance to flow of
the electric current.

ERW pipe made by continuously forming hot-

‘ Fig. 3 |

Rolled coil(Figure 3) into a metal plate shape
and passing the resulting plate through a cluster
of rolls(Figure 4) forming a circular opening
cylinder (Figure 2) equal to the outside diameter
of the finished pipe while the edges of the
cylinder are simultaneously heated by means of
electric current.

g Inteodiuction
i N
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An Introduction to Line Pipe

At the instant the converging edges are forced
together by the mechanical pressure of the rolls,
electric current heats a narrow zone of material
at each edge to a temperature suitable for
bonding (Figure 5).

In addition most ERW mills perform a full body
or weld line normalizing treatment at around
600 deg C which greatly enhances weld
properties.

The decision to select ERW pipe is usually made
on the basis of economics as it is usually the
cheaper alternative to seamless and in most
instances is cheaper than UQ pipe.

6-3) UOE pipe

UOE pipe usually have large diameter and is
produced by forming plates. The plate is pressed
into a U shape and O shape by the U-press and
O-press respectively. Hydraulic expansion gives
the pipe precise diameter and roundness and
relieves residual stresses caused by forming and
welding.

Manufacturing process for UOE pipe

edge planning

Longitudinal edges of the plate are trimmed and
beveled to the desired width and shape in
preparation for inside and outside welding.

edge crimping
The plate edge is crimped through the full length
to obtain an accurate circle.
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changing form of plate to 'u' shape
The crimped plate is formed into a U-shape for
the following operation.

changing form of u plate to "o’ shape

The U-shaped plate is formed into a circular
shape. By using of more strong presses, the
manufacture of well shaped pipe is possible.
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An Introduction to Line Pipe

Tack welding

The seam is temporarily welded along the full
length of the pipe by an automatic CO, arc
welding machine.

A tack weld is a seam weld used to align the
abutting edges until the final seam welds are
produced. Tack welds shall be removed by
machining or remelting during subsequent
welding of the seam.

Tab welding
To minimize possible welding problems, TAB
coupons are attached to both ends of the pipe.

Fig.10.

Inside welding

The automatic submerged arc welding machine,
performs the inside welding. During this process
the pipe is held in a fixed position while the
welder moves along the inside of the pipe.

AN itrdrction £o
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Outside welding

The automatic submerged arc welding machine
performs the final outside welding. The welder
is stationary while the pipe moves on a platform,

Expanding

The pipe is mechanically expanded to precise
dimensions. Out of roundness and straightness
are therefore, accurately controlled.

9



An Introduction to Line Pipe

6-4) Spiral (Helical) seam pipe cold forming a strip of steel into a helix. Helical
| seam submerged-arc welded pipe is pipe that has
one helical seam produced by the automatic

Large-diameter pipes are manufactured with a submerged-arc welding process. At least one
spiral seam, which is submerged arc welded on pass weld shall be on the inside and outside of
both sides. Line pipe with spiral seam made by pipe.

| Fig. 15

Epoxy Adhesive Polyethylene
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An external 3-layer coating consists of epoxy,
adhesive and poly ethylene layers (Figure 16).
Steel pipe is generally protected against The pipe is shot blasted to achieve suitable
COITOSION. surface cleanliness and roughness. Before

An Intmxduction ©



external coating is applied, the pipe is preheated
to over 200 degrees Celsius. Epoxy powder
sprayed on the pipe melts on the heated surface
to form the first layer of the coating. The
adhesive and polyethylene coatings are applied
immediately after the epoxy powder.

The resulting coating protects the steel against
COITOSION.

Concrete weight coating which line pipe has
previously received an anticorrosion coating
(such as enamel), produce sufficient weight to
overcome the natural buoyancy of the offshore

Manufacturing Support & Procurement (MSP)
Tehran KALA NAFT Company

pipeline when laid down under water(sea, lake,
IIVErs ) or swamps.

The selection of concrete coating thickness i1s
based on providing a submerged pipe weight
that satisfies the following criteria:

Light enough so as not to be prohibitive in terms
of overall offshore pull force required, and, of
sufficient weight to avoid instability due to sea-
state at the time of installation.

Internal coating with epoxy paint for gas
pipeline offers good diminishing friction of flow
and improves gas pump rates.
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The most common standards and specifications for line pipe and pipelines are as follow:

API 5L

API 5LX

API Specification for Line Pipe

API Specification for High-Test Line Pipe

ANSI B2.1

ANSI B36.10

ANSI B31

ANSI B31.1
ANSI B31.2
ANSI B31.3
ANSI B31.4
ANSI B31.5
ANSI B31.6
ANSI B31.7
ANSI B31.,8

Basic standard for steel pipe threads

Basic dimensional standard for all steel pipe

Code for design and construction of pressure piping systems, consisting of the
following sections:

Power Piping Systems

Industrial Gas and Air Piping Systems
Petroleum Refinery Piping

Liguid Petroleum Transportation Piping
Refrigeration Piping Systems
Chemical Process Piping

Nuclear Power Piping

Gas Transmission and Distribution Piping

ASTM A53
ASTM A106

ASTM A135

ASTM A139

ASTM A333

ASTM AS523

Welded and Seamless Steel Pipe

Seamless Carbon Steel Pipe for High Temperature Service

Electric-Resistance-Welded Pipe,30 inch and under, intended for conveying liquid,

gas, or vapor

Electric-Fusion (Arc)Welded Straight-Seam or Spiral-Seam Pipe,4 inch and over, wall
thicknesses up to 5/8 inch inclusive. Intended for conveying liquid, gas or vapor.

Seamless and Welded Steel Pipe for Low Temperature Service

Plain End Seamless and Electric Welded Steel Pipe for High Pressure Pipe-Type
Cable Systems
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