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Mechanical Design of Deepwater Pipeline Wall Thickness
Using the Recent Rules
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ABSTRACT: Mechanical design of a deepwater pipeline wall thickness was performed by using the recent design rules. Characteristics
and limitations of the new design rules were identified through a case study of a deepwater oil pipeline in the Gulf of Mexico. A
design procedure was established for mechanical design of deepwater pipeline wall thickness. Comparison of the new APl and DNV

codes are presented.

1. INTRODUCTION

This paper presents a mechanical design of the deepwater
pipeline wall thickness using the recent design rules (API,
1999; ASME, 1999; CFR, 2001 and DNV, 2000). For deepwater
pipelines, the determination of the wall thickness is limited by
the installation method in addition to the design rules (Choi,
1998; Choi, 1999; Kopp and Peek, 2001 and Bai, 2001). Wall
thickness design was demonstrated using a recent case study
in the Gulf of Mexico. The oil pipeline starts as a 14-inch
steel catenary riser (SCR) from a floating platform at the
water depth of 1740 m and ends with a 18-inch export
pipeline at the shallow water platform at water depth of 85m.
as shown in Fig. 1. Pipe data is also presented in Table 1.

The pipe properties satisfy the following requirements:

o Allowable hoop stress

> DPressure containment (Burst design)

o Collapse

> Combined load of bending and external pressure

Pipeline design was finalized by an iterative application of
the above design requirements.
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The design result summarized in Table 1 includes the
effects of the installation by a reel-lay method. Reeling and
unreeling operation yields a large ovality in the pipe sections.

Table 1 Pipeline Data

na e
Ch 18 | 0875 | 288 | 028 | 85945
P2 | 18 | 0938 | 258 | 028 | 9451160

P3| 18 | 1000 | 233 | 028 | 11601370
P4 | 18 | 1125 | 196 | 028 |I13701580
" ps | 14 | 0855 | 154 | 160 | 1580-1740

P6 | 14SCR | 0875 | 154 | 160 | 1740

Design pressure = 3600 psig
Pipe grade = X-60 for 18” pipe and X-65 for 14" pipe
Design life = 20 years for 18" pipe and 40 years for 14" pipe

Corrosion allowances depend on oil components, oil
temperature distribution, and design life of the pipeline. A
corrosion allowance of 028 mm was used in the wall
thickness design for the 18-inch pipeline and 1.6 mm for the
14-inch pipeline. The ovalities in Table 1 were obtained from
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the reeling analysis. The sensibility analysis of ovality was
carried out with DNV code for the local buckling (collapse).

2. ALLOWABLE HOOP STRESS

2.1 Internal Pressure

The pipes in Table 1 meet the requirements in accordance
with 49 CFR part 195 (CFR, 2001) and ASME B31.4 (ASME,
1999).

Hoop stress = PD/2t , where P=(internal-external) pressure

The minimum wall thickness for the design pressure of the
18-inch API 5L X-60 pipe is 0.75-inch and satisfies the above
criteria excluding corrosion allowance. The internal design is
presented in Table 2. Calculated pressures for the pipelines
during operation meet the design pressure requirement.

Table 2 Internal pressure

Pipe fl?nosion Design CalculatedﬁT
Number o | e |G
Pl 028 3600 4147
R 028 3600 4449
B | o= 3600 4747
 pa 028 3600 s%7 |
PS5 1.60 3600 5429
P6 1.60 3600 4524

Design factors : 0.72 for pipeline and 0.6 for SCR

2.2 Hydrotest Pressure

The hydrotest pressure shown in Table 3 is 125% of the
design pressure. The maximum allowable hydrotest pressure
by 30 CFR part 250 is 95% the specified minimum yield
strength (SMYS). All the pipe in Table 3 satisfy the allowable
stress.

Table 3 Hydrotest pressure

p,; %{gs;w Caé_latedAﬂi(;aljs‘c_lated
Number (oiD) &) | (% SMYS)
- P1 45;21) 46.3 77.1
P 4500 82 | 70
_ WP; 45(1) 40.5 W’67.5 |
om0 | w0 | e0
ks | a0 | ssa |

3. PRESSURE CONTAINMENT (BURST)

3.1 Burst Design by API RP1111

The hydrostatic test pressure, the pipeline design pressure,
and the incidental overpressure, including both internal and
external pressures acting on the pipelines, shall not exceed
that determined by the formulae (AP, 1999):

ptsf(lfef!pb (13)

02=<0.80 p; (1b)

1.<0.90 p, (1o)
where,

f; = internal pressure (burst) design factor
f, = weld joint factor
f; = temperature derating factor
b, = incidental overpressure
b, = specified minimum burst pressure of pipe
by = pipeline design pressure
P, = hydrostatic test pressure

The specifified minimum burst pressure ( p,) is determined
by the following formulae:

5=0.45(5+ DIn(H) @

where,

D = outside diameter of pipe
D, =
S = specified minimum yield strength of pipe

t = nominal wall thickness of pipe

U = specified minimum ultimate tensile strength of pipe

D~ 2t = inside diameter of pipe

The pipeline meets the requirements in accordance with
API RP1111. Results of the calculations are shown in Table 4.
Required wall thicknesses, including the corrosion allowance,
by the burst design of APl RP1111 are below the design wall
thickness.

3.2 Burst Design by DNV OS-F101
The selection of the limit states and related partial safety
factors and safety classes are very important (DNV, 2000,
2001). Burst design belong to the ultimate limit state (ULS).
The pressure containment shall fulfill the following criteria:

‘ Pb(tl)

Tl S vy 3
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where,
h = =t teom
typ = fabrication allowance of wall thickness

L iopy = corrosion allowance of wall thickness

Dii = Da* 7 inet Ooom - &h = local incidental pressure

¥ inc = Tatio between incidental and design pressure

O com = density of the content of pipeline

£ = acceleration due to gravity

h = height difference between the point and the
reference point

p, = external pressure

Ys = safety class resistance factor

Y = material resistance factor

The pressure containment resistance, p,(#,) is given by:

ﬁb(tl) = Min(pb,s(t1)§ pb.u(tl)) @
Yielding limit state:

2t

pb.s(tl) = D— tl 2

Sy V3 ®)

Bursting limit state:
2- tl . f u . 2
D - t 1
Characteristic yield strength:
f_v = (S_fy,temi)) tay
Characteristic tensile strength:
fu = (U_fu,temp) Ayt ay

pb‘u(tl) =

where,
Sy 1emp = derating of yield strength due to temperature

S temp = derating of tensile strength due to temperature

a, material strength factor

@, = anisotropy factor

The pipelines meet the requirements in accordance with
DNV O5-F101. Results of the calculations are shown in Table
4. Burst design by DNV OS-F101 yields more conservative
wall thicknesses than those of the API RP1111. However, the
required wall including the corrosion
allowance, still below the designed wall thicknesses.

thicknesses are,

Table 4 Burst design

API RP1111 DNV OS-FI0!
Pipe
Number | 5, i<t pres. | Required WT| Burst Pres. | Required WT
(psig) (in) (rsig) (in)
PI 6126 0722 5821 0.792
P2 | 6507 0722 6266 0792 |
P3| 7064 0722 6707 0.792
P4 | 8015 0.722 7605 0.792
PS | 7869 0.590 7452 0700 |
P6 | 7869 0.691 %52 | 0781

4. PIPELINE COLLAPSE

4.1 Collapse Design by API RP1111

During construction and operation, oil pipelines may be
subjected to meet conditions where the external pressure
exceeds the internal pressure. The differential pressure acting
on the pipe wall due to hydrostatic head can cause collapse
of the pipe.

The collapse pressure of the pipe must exceed the net
external pressure everywhere along the pipelines as follows:

(po—PI<Scb. )

where,

f, = collapse factor
p; = internal pressure
b, = collapse pressure of the pipe

The following equations can be used to approximate
collapse pressure:

Db,
p.= W (8a)
b= ZS(—;) ) (8b)
(_t- )3
e e

where,
E = modulus of elasticity
b, = elastic collapse pressure of pipe

b,

v = Poisson’s ratio (0.3 for steel)

The collapse formula in API RP1111 does not consider the
ovality of the pipe. The allowable ovalities are specified by the API
(API, 2000). The
requirements, in accordance with APl RP1111. Results of
calculations are shown in Table 5. The calculated collapse

yield pressure at collapse

SL  specification pipelines meet the
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water depths due to the external pressure are deeper than the
maximum design water depth along the pipeline.

4.2 Collapse Design by DNV OS-F101
The characteristic resistance for collapse pressure (p C) shall be

calculated as:
(D=1 - (P 1)) =pcz>emfot% ®
where,

Pp= 2 f as- % = plastic collapse pressure
@ 4, = maximum fabrication factor
f = D max D min
° D
t2 =t trorr
The external pressure at any point along the pipeline shall meet
the following criterion (system collapse check):
be
bo= LY 7, 7s
Table 5 shows the comparison of API and DNV codes with API
ovality of 0.75%. DNV results have more conservative water depths
than those of the APL
Table 6 shows the sensitivity of the ovality on collapse buckling.
Ovality of 0.75% corresponds to the pipe manufactured by API SL
specification (APl, 2000). Ovality of 1.44% corresponds to the
typical steep s-lay method. Ovality of 2.88% corresponds to the
reel-lay and was used for the determination of the wall thickness of
the oil pipelines. The pipelines meets the requirement in accordance
with DNV OS-F101.

= DNV ovality

(19

Table 5 Collapse water depths

Collapse Water Depth |
Maximum (m)

Pipe | Design f— ———j ————

Number | Depth | APl RP |5\ s pio)
(m) 1111 s

- (m)

Pl o45 | 1835 1640
» 1160 2073 1838
P3 1370 2300 2029
P4 1580 2740 2396
P5 1740 3005 2709
P6 1740 3095 2448

Note : Corrosion allowance was used during operation.
Ovality = 0.75% per API 5L

Table 6 Collapse water depths vs ovalities (DNV OS-F101)

N Collapse Bickling Water Depth (m)
Ppe | “-.M(i);alities
0% 0.5% 0.75% 1.44% 2.88%
P1 2226 1780 1640 1363 1013
- P2 2386 1984 1838 1598 1225
P3 2551 2173 2029 1832 1442 -
P4 2874 2536 2396 2696 1888 )
PS 3433 2901 2709 2436 2256 R
P6 3107 2623 2448 2280 2043 |

Note : Corrosion allowance was used during operation.

5. COMBINED LOAD OF BENDING AND
EXTERNAL PRESSURE

51 Combined Load Design by API RP1111

The pipe selection should provide a pipe of adequate
strength to prevent collapse (local buckling). Combined
bending strain and external pressure load should satisfy the

following;
L‘f‘ (po—pi) Sg(@)
€p

11
b. am

To avoid buckling, bending strain should be limited as follows:

>3 (122)
g (12b)
where,
g(8) = (1+208)"! = collapse reduction factor
Dmax — Dmin
= —max M. . AP| ovality = 2 -
d D max +D min vty f(,
& = bending strain in the pipe
Ep = —2% = buckling strain under pure bending

&€, = maximum installation bending strain

&y = maximum in-place bending strain ’

f, = bending safety factor for installation bending plus
external pressure

f5 = bending safety factor for in-place bending plus extemnal

pressure
D, = maximum diameter at any given cross section
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D min
Calculated water depth limits with 0.2% maximum installation

bending strain are shown in Table 7. The calculated buckling water
depths are deeper than design water depths.

= minimum diameter at any given cross section

5.2 Combined Load Design by DNV OS-F101

Pipe members subjected to have longitudinal compressive strain
(bending moment and axial force) and external overpressure shall be
designed to satisfy the following condition at all cross sections:

[__€_4~]0.8+_/)0__<1 (13
/7. RS )
D/t<45 and p<p, (13b)
where,

&€, = Design compressive strain

L, _
ec = 0.78(F —0.0Da; e,
Y. = resistance strain factor

a, = maximum allowed yield to tensile ratio

a girth weld factor

gw

The combined load equations (13a) and (13b) are for a
displacement controlled condition. In case of a load controlled
condition, the other formula recommended by DNV should be
used. Table 7 shows the combined effect of 2% bending strain
and external pressure. The calculated water depths are less than
those obtained by API, but still deeper than maximum design
depth. The water depth obtained by DNV code is controlling the
wall thickness design of the oil pipeline.

Table 7 COMBINED LOAD OF BENDING (0.2%) AND
EXTERNAL PRESSURE

- R
| ) Buckling Water Depth
Pipe Ovality D&lgl?
Number (%) D(enf:; APLRP | DNV
1111 OS-F101
L - (m) (m)
Pl 2.88 945 1470 1067
P2 2.58 1159 1784 1323
P3 2.33 1372 2094 1559
P4 1.96 1576 2735 2040
P5 1.54 1738 3088 2720
P6 1.54 J 1738 3088 2479

Note : Corrosion allowance : 0 mm during instaliation.

6. CONCLUDING REMARKS

1. Deepwater pipe wall thickness is controlled by the
installation method.

2. Pipe wall thickness in Table 1 satisfies the allowable hoop
stress, burst limit, local buckling, and the combined load
of bending and extreme pressure.

3. DNV code generally results conservative wall thickness.

4. Collapse is very sensitive to the pipe installation method
and ovality.
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Figure 1. Sketch of Qil Pipeline System
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