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Summary;

The Bureau of Ocean Energy Management, Regulation, and Enforcement (BOEMRE) contracted DNV to perform a
state-of-the-art comparison of API, ISO, and NORSOK existing offshore structural standards. The comparison
identifies the differences and attempts to explore the reasons and if possible recommends areas of improvement with
application to the US Gulf of Mexico and the West Coast offshore areas.

The study showed that even though there may be significant differences in the adopted design approach being Working
Stress Design (WSD) or Load and Resistance Factor Design/Limit State Design (LRFD/LSD) and the regional design
criteria, the formulations for calculating member and joint or plate/shell stresses are similar in all three standards.

It is recommended that further efforts be directed towards the harmonization of the standards. A significant step has
been the recent collaboration between API and ISO and to a certain degree NORSOK to adopt a common approach to
the development of future offshore structural standards, It appears that the LRFD/LSD methodology will eventually
prevail and be applied to future GOM and West Coast offshore fixed and floating structures as it had for Atlantic and
Arctic regions.

The limited case studies performed using a GOM fixed platform and a spar deepwater floating structure indicate that
design environmental criteria are based on similar reliability analyses and definition of probability of failure. Jacket
member utilization comparison indicates that both ISO and NORSOK give significantly more conservative formulation
for members with cone transitions compared to APL. Member and joint utilizations were noted to vary by up to 53% for
members and 29% for joints. No one standard was found to be always more conservative than the other two. A single
GOM spar case study showed that the ISO/NORSOK LRFD approach gives yield and buckling utilizations that are
within about £10%. Further investigations are recommended for more in-depth evaluation to reach more general
conclusions.
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Nominclature

Ca, CV
Csr

kDAF

Q. Q,
Qr

Rq
S

site coefficients

safety factor

brace outside diameter

chord outside diameter

equivalent quasi-static action representing dynamic response defined in 9.8.1

equivalent quasi-static action representing dynamic corresponding to E,
extreme environmental quasi-static action
environmental action or loading

action effect

design action
Ratio of effective horizontal ground acceleration to gravitational acceleration
permanent actions or gravity loads

the action imposed either by the weight of the structure in air, or by the
submerged weight of the structure in water

dynamic amplification factor; 1.10 for heavy lift by semi-submersible crane
vessel for in air offshore lifts or in air onshore or in sheltered waters ; 1.30 in
other cases for offshore in air.

variable actions or live loads

the action imposed by the weight of the temporary equipment or other objects,
including any rigging installed or carried by the structure

design strength
internal force

Samap(0.2) = 1000 year rock outcrop spectral acceleration obtained from maps in Annex 2

of ISO 19901-2 associated with a single degree of freedom oscillator period 0.2 s

Samap(1.0) = 1000 year rock outcrop spectral acceleration obtained from maps in Annex 2

of ISO 19901-2 associated with a single degree of freedom oscillator period 1.0 s

Sasite (T) site spectral acceleration corresponding to a return period of 1000 years and a

single degree of freedom oscillator period T

t brace wall thickness at intersection

T chord wall thickness at intersection

T natural period of a simple, single degree of freedom oscillator
Z Zone or relative seismicity factor

B=d/D
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vy =DI/2T

Y Y ¢p are the partial action factors for the environmental actions discussed in 9.9 and
for which appropriate values shall be determined by the owner

Yeo Ve PArtial action factors applied to the total quasi-static environmental action plus

equivalent quasi-static action representing dynamic response for operating and
extreme environmental conditions

YVior Vicz Viow ¥ o2 partial action factors for the various permanent and variable actions

Yi.di the rigging factor, 1.10 for a dual lift; 1.00 for single crane

viis  local factor, for lifting attachments, spreader beams, and internal members
attached to lifting point: 1.25 (for a lift in open waters), 1.15 (for a lift on shore or
in shelter waters); 1.00 for other structures;

visun  partial factor, 1.30

T=t/T
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FINAL REPORT ON COMPARISON OF API, ISO, AND NORSOK OFFSHORE STRUCTURAL STANDARDS

EXECUTIVE SUMMARY

The Bureau of Ocean Energy Management, Regulation, and Enforcement (BOEMRE) contracted
DNV to perform a state-of-the-art comparison of API, 1ISO, and NORSOK existing offshore
structural standards. The comparison identifies the differences and attempts to explore the reasons
and if possible recommends areas of improvement with application to the US Gulf of Mexico and
the West Coast offshore areas.

The study showed that even though there may be significant differences in the adopted design
approach being Working Stress Design (WSD) or Load and Resistance Factor Design/Limit State
Design (LRFD/LSD) and the regional design criteria, the formulations for calculating member and
joint or plate/shell stresses are similar in all three standards.

It is recommended that further efforts be directed towards the harmonization of the standards. A
significant step has been the recent collaboration between API and I1SO and to a certain degree
NORSOK to adopt a common approach to the development of future offshore structural standards,
It appears that the LRFD/LSD methodology will eventually prevail and be applied to future GOM
and West Coast offshore fixed and floating structures as it had for Atlantic and Arctic regions.

The limited case studies performed using a GOM fixed platform and a spar deepwater floating
structure indicate that design environmental criteria are based on similar reliability analyses and
definition of probability of failure. Jacket member utilization comparison indicates that both 1SO
and NORSOK give significantly more conservative formulation for members with cone transitions
compared to API. Member and joint utilizations were noted to vary by up to 53% for members and
29% for joints. No one standard was found to be always more conservative than the other two. A
single GOM spar case study showed that the ISO/NORSOK LRFD approach gives yield and
buckling utilizations that are within about £10%. Further investigations are recommended for more
in-depth evaluation to reach more general conclusions.
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1 INTRODUCTION

1.1 Background

As stated in the Bureau of Ocean Energy Management, Regulation, and Enforcement (BOEMRE)
Contract No. M10PC00108 documentation and the DNV proposal No 1-2Q1N5T-01, the objective
of this work presented herein is to perform a state-of-the-art review of existing API, NORSOK, and
ISO offshore structural standards. The comparison identifies the differences and makes
recommendations for their possible resolution with application to the US Gulf of Mexico and the
West Coast offshore areas.

The main scope of work entails the following ten tasks:
Environmental Loads

Loading Conditions

Structural Steel Design

Connections

Fatigue

Foundation Design

In-service Inspection and Maintenance
Assessment of Existing Platforms and Floaters
Fire, Blast and Accidental Loadings

10 Installation and Temporary Conditions

© N s~ E

The approach employed in the study was described in DNV proposal No 1-2Q1N5T-01 and is
summarized below for completeness sake.

1.2 Objective

The objective of the work is to perform a state-of-the-art review of existing APl, NORSOK, and
ISO offshore structural standards with respect to structural integrity aspects and produce a
comparison report identifying differences and recommendations for their possible resolution for
application in US Gulf of Mexico and the West Coast.

1.3 Codes and Standards

Table 1-1 lists all documents reviewed as part of this study. Only current revisions in use were
considered even though many of these recommended practices (RP’s) and standards are currently
under review and may be re-issued in the near future.

These standards are also included as references in Section 13.
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Table 1-1: Main Design Codes

Number Revision Title
API RP 2A (WSD) 21° Edition October | Recommended Practice for Planning,
2007 Designing and Constructing Fixed Offshore
Platforms — Working Stress Design
API RP 2T 3 Edition July Planning, Designing, and Construction Tension
2010 Leg Platforms
API RP 2FPS 1% Edition Recommended Practice for Planning,
March 2001 Designing, and Constructing Floating
Production Systems
API RP 2A (LRFD) 1* Edition Recommended Practice for Planning,
May 2003 Designing and Constructing Fixed Offshore
Platforms — Load and Resistance Factor Design
API Bulletin 2INT-MET May 2007 Interim Guidance on Hurricane Conditions in
the Gulf of Mexico
API Bulletin 2INT-DG May 2007 Interim Guidance for Design of Offshore
Structures for Hurricane Conditions
API Bulletin 2INT-EX May 2007 Interim Guidance for Assessment of Existing
Offshore Structures for Hurricane conditions
ISO 19901-2 1% Edition Specific requirements for offshore structures —
November 2004 Part 2: Seismic Design Procedures and Criteria
ISO 19901-6 1% Edition Specific requirements for offshore structures —
December 2009 Part 6: Marine Operations
I1SO 19902 1* Edition Fixed Steel Offshore Structures
December 2007
I1SO 19904-1 1* Edition Floating offshore structures — Part 1:
November 2006 Monohulls, Semi-submersibles and Spars
NORSOK Standard N-001 7" Edition Integrity of Offshore Structures
June 2010
NORSOK Standard N-003 2" Edition Action and Action Effects
September 2007
NORSOK Standard N-004 2" Edition October | Design of Steel Structures
2004
NORSOK Standard N-006 1% Edition Assessment of Structure Integrity for Existing
March 2009 Offshore Load-bearing Structures

DNV Reg. No.: EP034373-2011-01
Revision No.: 1

Date 2012-01-12 Page 3



DET NORSKE VERITAS
BOEMRE TA&R No. 677
FINAL REPORT ON COMPARISON OF API, 1ISO, AND NORSOK OFFSHORE STRUCTURAL STANDARDS DRIW
It should be noted that as part of the collaboration efforts between 1ISO TC67/SC7 and APl SC2
offshore Structures committees, a standard harmonization scheme has been adopted whereby the
ISO standards have utilized existing APl documents as starting point in developing the 1SO
standards. API will subsequently adopt relevant ISO documents with modification to adapt to Gulf
of Mexico and other US offshore areas.

INTRODUCTION
RP 2GEN/ISO 19900
General Parts
S . Structural : - .
Metocean 5""*7”'“ Tops!des Geotechnical Integrity I.'Iaru_'le Statlpn Fire and Blast| Weight Plates Shells
Design Design Operations Keeping Control
Management
RP 25K
RP 2MET/ RP 2EQ/ RP 2TOP/ RP 2GEOQ/ RP 251 RP 2MOP/ RP 25M RP 2FB RP 2WGT/ ri' 2u
150 150 150 150 150 150 19901-7 150
199011 19901-2 19901-3 199014 1S0 19902 199016 1S0 199015
© ©) | 150199041 RP 2I 19901-3

Specific Structures

. Concrete Floating Arctic Riser
Fixed steel structures Structures Structures TLP Jack-ups —LbLE Structures Design
RP 2A RP 28 RP 2CON/ RP 2FPS/ RP 2T RP 2N/
(=) WS5D LRFD/ 150 150 150 RP 2RD/
150 19903 19904-1 AL — 19006 |0 170%
19902 @ i 199051 19905-2
Existin Under Under Not No
9 Revision Development Started Plans

Figure 1-1 1ISO API Standards Harmonization

The chart presented in Figure 1-1 was presented in the last API SC2 meeting and shows the status
of the harmonization efforts as of February 2011. The figure helps identify the one to one
correspondence between ISO and APl documents.

1.4 Design Philosophy

Although the scope of work covered only APl RP 2A (WSD) for comparison with ISO and
NORSOK standards, it was decided to include APl RP 2A (LRFD) published in 1993 and
reaffirmed in 2003 even though it was withdrawn by API in 2010 in this comparison. The reason
being that APl RP 2A (LRFD) was utilizing the same design philosophy adopted in 1SO and
NORSOK; namely, the Limit States or Load and Resistance Factor Design (LRFD) methodology.
The API Subcommittee on offshore structures (SC2) has established a Task Group (TG 19) to
address the transition from WSD to LRFD adopting the ISO 19902 methodology as basis.

The utilization of LRFD/Limit States Design allows the allocation of different safety factors to the
different types of loadings/actions depending on the degree of uncertainty associated with each type
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DN
of loading. By contrast, the Working/Allowable Stress Design (WSD/ASD) methodology combines
all load types with a single safety factor applied on the calculated combined stress. Therefore, the
WSD method can produce less conservative designs than the LRFD methodology for storm
conditions when the stress due to environmental loading is significantly higher than that associated
with well-defined dead loads or weights and vise versa.

Figure 1-2 shows a comparison between LRFD and WSD when applied to design of structures also
utilizing AISC steel design code for beam type members (see /30/ for more detailed discussion).
Load conditions a) and b) are: a) functional loads and b) combination of maximum environmental
loads and associated functional loads. The AISC 13" Ed. did not allow 1/3 increase in allowable
stress to be applied only to the environmental portion of the stress and not to the static load as was
allowed in the 9" Ed. version.

2.0 2.0
1-8 ] 71-8
Safety e
Factor 1.6 | ~—~ =~ | 1.6
=~ = _[WSDD)AISC 13th Ed.
1.4 =~ —_— 1 14
B —
12— — — — — 1.2
L == WSD b) AISC 8th .
10 | |lRFDE)] N 1.0
0.8 | 0.8
0.6 | 0.6
0.4 | 0.4
0.2 | 0.2
0.0 0.0
|Environmental Loads |

Figure 1-2 Schematic of LRFD vs. WSD Methods

It should also be noted that the LRFD or Limit State design method allows yielding to be reached or
exceeded in such a way that the structure is still capable of resisting further loads but may
encounter high levels of deformation without reaching an unstable mechanism. Unfortunately all
standards do not adequately address this acceptability criterion.
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1.5 Report Organization

This report is composed of twelve sections and a references section. Following this introductory
section, Section 2 addresses the comparison of the environmental criteria and the associated loading
conditions and applicable load and resistance factors. This covers Tasks 1 and 2, see Sec. 1.1 above.
It should be noted that the term “Action” is the preferred terminology adopted by ISO and
NORSOK. However, the API terminology “Load” is utilized here for convenience. Section 3 looks
at the steel design formulae used to calculate the member and joint stresses and utilization ratio and
as such completes Tasks 3 and 4. As a verification tool, MathCAD sheets were also developed for
member and joint checks and are given in Appendices A. Non-tubular members and connections as
well as plated structures are also addressed in Section 3. Section 4 compares the fatigue
requirements (Task 5) while Section 5 is dedicated to the geotechnical and foundations design
requirements (Task 6). Section 6 compares the in-service inspection requirements (Task 7) and the
assessment criteria for existing fixed and floating offshore structures is described in Section 7 (Task
8).

The fire, blast and accidental loading criteria are discussed in Section 8 and the installation and
temporary conditions comparison is given in Section 9, which address Tasks 9 and 10, respectively.
Seismic requirements are discussed separately in Section 10.

Two case studies were undertaken for an 8-legged fixed platform and a SPAR floater in order to
perform numerical results comparison of application of the three codes. The details of these
examples are given in Section 11.

The conclusions and recommendations are listed in Section 12 and the references are given in
Section 13. Appendix A contains MathCAD sheets developed by DNV in order to verify and
compare the member and joint code check formulations given in the three standards.
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2 ENVIRONMENTAL CRITERIAAND LOADING CONDITIONS

2.1 Environmental Criteria

A direct comparison of environmental (Metocean) loads as stated in the three standards (API,
NORSOK, and ISO) was carried-out and is presented in this section. In addition, the direct comparison
is supported by case studies where environmental loads were calculated and compared using the three
standards separately. The provisions that have impact on the magnitude of environmental loads e.g.
directional wave criteria were reviewed and compared. The components that comprise the total
environmental forces/actions include wind, waves, tides, currents, and earthquakes.

For the purpose of structural design and analysis, the governing weather condition (e.g. survival load
case) is taken into account. Other load conditions (e.g., operating load case) may also be considered if
found necessary due to the associated safety factors and relative value of the environmental to
permanent loading.

Code requirements for strength and ductility level earthquakes, SLE (or extreme ELE in ISO) and DLE
(or abnormal ALE in ISO) were also compared. Seismic criteria code comparison is given Section 10.

The code environmental criteria comparison indicates the following:

1. The design environmental loads such as wind, wave, and current depend on geographical locations.
In absence of site-specific data, regional information is defined in all three codes that give minimum
requirements of the extreme environmental conditions:

e APl RP 2A provides Gulf of Mexico hurricane criteria (2.3.4c for new structures & 17.6.2a for
assessment of existing structures). API Bulletin 2INT-MET replaced the criteria for new structures by
including the recent extreme hurricanes in the database. Other API standards such as RP 2T and RP
2FPS refer to RP 2A for environmental criteria definition. AP1 RP 2MET will be applicable to all
units intended for the Gulf of Mexico.

e I1SO 19901-1 provides environmental guidelines for the regions all over the world including North-
west Europe, West coast of Africa, US Gulf of Mexico, US Coast of California, and East coast of
Canada. The new edition of 1SO 19901-1 will adopt the new APl RP 2MET for the Gulf of Mexico
scheduled for publication in 2011. The current ISO 19901-1 GOM environmental criteria (see Annex
C.4 and Table C.21) is higher than that given in APl RP 2A but will not be as severe is the new
2MET criteria.

e NORSOK N-003 mainly focuses on Northwest coast of Europe and refers to 1ISO for details.

2. For snow and Ice, NORSOK N-003 and 1SO 19901-1 provide more specific information compared
to APl RP 2A. For Arctic and Atlantic coast regions 1SO 19906/API RP 2N and 1SO 19902 would
be applicable.
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3. For earthquake; ISO 19902 and ISO 19901-2 give clearer and more comprehensive design
guidelines when compared with APl or NORSOK standards.

Further details of environmental criteria are also given in Sections 2.2 to 2.4 while discussing the
loading conditions from the API, ISO, and NORSOK codes.

Load and material resistance factors were compared for the various elements of the structure (e.g.
jacket, hull, deck, foundations, etc.). The manner in which the codes require the combination of
appropriate loads is also directly compared. This includes the following main load categories:
operational environmental, design environmental, dead, live, and temporary. Fire, blast and accidental
loadings are considered separately.

2.2 Loading Conditions - API

2.2.1 APIRP 2A and 2INT-MET, 2INT-DG, and 2INT-EX

AP RP 2A for fixed platforms states that the loading conditions should include environmental
conditions combined with appropriate dead and live loads in the following four combinations:

1) Operating environmental conditions combined with dead loads and maximum live loads
appropriate to normal operations of platform.

2) Operating environmental conditions combined with dead loads and minimum live loads
appropriate to normal operations of platform.

3) Design environmental conditions with dead loads and maximum live loads appropriate for
combining with extreme conditions.

4) Design environmental conditions with dead loads and minimum live loads appropriate for
combining with extreme conditions.

Typically, a one to five year winter storm is used as an operating condition in the Gulf of Mexico. DNV
has noted through projects with some GOM operators that the 10-year winter storm has conservatively
been employed as the operating criteria. This is particularly true after the 2005 severe hurricane season.

As stated in Section 2.1, the extreme environmental conditions for the Gulf of Mexico specified in API
RP 2A (Section 2.3.4c and 17.6.2a) have been replaced by increased criteria in a central zone of the
GOM in API Bulletin 2INT-MET /11/. The change was necessary in order to account for the high
activity hurricane seasons of 2004 and 2005 with Category 4 and 5 hurricanes. The Gulf of Mexico
(GOM) was divided into four zones with different severity of the hurricane conditions. Four zones and
three transition zones are defined in APl RP 2INT-MET, Figure 2-1 with different environmental
criteria. These will be further reduced to only three zones and (two transition ones) in the new APl RP
2MET by combining the West and West Central zones. The three approximate gulf areas are:

» Western Gulf, between 92° W and 98° W

« Central Gulf, between 86.5° W and 89.5° W
« Eastern Gulf, between 82° W and 84° W
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Figure 2-1 Gulf of Mexico Zones in API Bulletin 2INT-MET

Table 2-1 shows the API Bulletin 2INT-MET hurricane winds, waves, currents and surge for the central
zone of the GOM which has the most severe conditions that have changed significantly from previous
criteria. The environmental conditions in the other zones were affected only slightly. Figure 2-2 shows
the original design maximum wave height specified in the API RP 2A for GOM structures. It is noted;
e.g., that in the Central region, the significant wave height was increased from 12m (40 ft) to 15,8m (52
ft) for 100 year return period for high consequence L-1 structures.

Two additional interime documents were issued by API in May of 2007 ahead of the hurricane season
to address requirements for design of new structures Bulletin 2INT-DG /32/, and assessment of existing
structures Bulletin 2INT-EX /33/. These bulletins gave guidance, at high level, on design using the new
metocean criteria of 2INT-MET and significantly increased the requirement for deck height elevation
by adding 15% to the maximum wave crest for local effects. The 1000-year wave crest was also
recommended for robustness consideration.

The API Bulletin 2INT-EX is discussed in Sec. 7 of this report.
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Table 2-1 Central Zone Hurricane and Environmental Conditions

Table 4.5.3-1A—Independent Extreme Values for Hurricane Winds, Waves, Currents and Surge,
Central Gulf of Mexico (89.5°W to 86.5°W)

Return Period (Years) 10 25 50 100 200 1000 2000 10000

Wind (10 m Elevation)

1-hour Mean Wind Speed (m/s) 330 40.1 44 4 480 51.0 60.0 624 672
10-mm Mean Wind Speed (m/s) 36.5 449 50.1 545 58.2 69.5 72.5 78.7
1-min Mean Wind Speed (m/s) 41.0 511 574 62.8 674 816 856 935
3-sec Gust (m/s) 469 592 66.9 73.7 794 97.5 102.5 1128

Waves, WD == 1,000 m

Significant Wave Height (m) 10.0 133 148 15.8 16.5 19.8 205 221
Maximum Wave Height (m) 17.7 235 26.1 279 291 349 363 391
Maximum Crest Elevation (m) 11.8 157 174 186 194 230 238 256
[Peak Spectral Period (s) 13.0 144 15.0 154 15.7 17.2 17.5 18.2
[Period of Maximum Wave (s) 11.7 13.0 13.5 139 14.1 15.5 158 16.4

Currents, WD > =150 m

Surface Speed (m/s) 1.65 2.00 222 240 2.55 3.00 312 336
Speed at Mid-Profile (m/s) 124 1.50 1.67 1.80 1.91 225 234 2.52
0-Speed Depth, Bottom of Profile (m)| 69.3 842 932 100.8 1071 126.0 131.0 1411
Currents, WD 10 m— 70 m

[Uniform Speed at 10 m Depth (m/s) 1.09 161 1.97 2.30 2.60 323 3.50 4.05
[Uniform Speed at 70 m Depth (m/s) 0.98 145 1.77 2.07 234 291 3.15 3.65
Water Level, WD = =500 m

Storm Surge (m) 0.32 0.52 0.66 0.80 0.93 1.13 1.22 1.41
Tidal Amplitude (m) 0.42 0.42 0.42 042 0.42 0.42 0.42 0.42

Notes:

Wind speeds for a given return period are applicable to all water depths throughout the region.

Crest elevation includes associated surge and tide.

See Fipures 4.5.3-1A, 4.5.3-2A and 4.5.3-3A for wave and crest elevation values for water depths between 10 m and 1000 m.
The peak spectral period and period of maximum wave apply to waves in all water depths.

Currents in water depths between 70 m and 150 m should be estimated as described mn 4.3 3.

See Figure 4.5.3-4A for surge and tide in water depths less than 500 m.
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Figure 2-2 Original Extreme Wave Definition in APl RP 2A 21° Edition

222 APIRP2T

API RP 2T is more comprehensive than RP 2A in defining the loads and load combinations due to the
sensitivity of the Tendon Leg Platform to its payload. Table 2-2, Table 2-3, and Table 2-4 depict API
RP 2T definition of load types, safety categories and annual probability of occurrence, and important
parameters that critically impact the TLP global response.

API 2FPS refers to both APl RP 2A and 2T for guidance related to environmental conditions and load
definition.
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Table 2-2 API RP 2T Load Definition - Description
Table 3—Loading Type Category Descriptions

Load Type Description

Dead loads Monvariable static weight of the platform structure and any permanent
equipment that does not change during the life of the structure.

Live loads “Variable static loads that can be changed, moved or removed during
the life of the structure. Maximum and minimum payloads should be
considered.

Environmental loads Loads on the structure dus to the action of wind, wave, curment, tide,

earthquake, or ice.

Inertial loads Motion induced loads that are consequences of the environmental
loads.

Construction loads Loads built into the structure during the fabrication and installation
phases.

Hydrostatic loads Buoyancy of, or submenrged pressure on, submerged members.

Combined loads The combination and severty of loads should be consistent with the

likelihood of their simultaneous ocoumence.

The safety categories A and B of Table 2-3 are equivalent to the APl 2A’s operating and extreme
conditions. However the survival intact condition is new in 2T 3rd Edition with 1000 year return period
environment. The specified 17 design load cases are stated to be given only as example and that other
criteria may be used if properly justified. The 2T 3rd Ed. added 5 more load cases compared to the 2nd
Ed. These are one new damaged condition, three survival conditions, and one ductility level earthquake
(DLE) condition.
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Table 2-3 API RP 2T Load Conditions
Table 1—Project Design Load Cases
Design Safety P:;Eg:;:ty
Load Category Project Phase Platform Configuration® Design Environment of
Case Exceedance
1 A Construction Various
2 A Load out Intact Calm
3 B Hullideck mating Intact Site specific
4 B Towftransportation Intact/damaged Route Varies
3 A Installation Intact Installation Waries
B A In place Intact One-year normal =1
7 B In place Intact 100-year extreme 0.01
g 5 In place Intact 1000-year extreme 0.001
9 B Im place Damaged—no compensation One-year normal =001®
10 50F Im place Damaged—no compensation 10-year reduced extreme = (0.001"
11 B Im place Damaged—compensation 10-year reduced extreme =0.01°
12 5°° In place Damaged—compensation 100-year exirems =0.001"
13 B Im place Tendon removed (planned) 10-year reduced extreme =0.01°
14 goe In place Tendon removed (planned) 100-year extrems = (0.001°
15 C In place Intact Annual scatter diagram 1
16 SLE In place Intact SLE seizmic Varies
17 DLE In place Intact DLE seizmic Varies
MOTE This table is indicative of the types of load cases to be checked, and is not intended to imply adequate number of
load cases.
2 Probability of excesedence includes nominal probability of damage or tendon removal occurring.
B Ppile check, if performed, in survival conditions uses reduced safety factor.
% Survival check with damage or tendon remaoved is against disconnect (not zero tension) and may be response-based.
4 See Section 4 and AP1 28-WSD for definition of SLE, DLE.
2 In all cases, platform configuration should consider both minimum weight and maximum weight varations.
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Table 2-4 API RP 2T Environnemental Parameters
Table 5—Environmental Parameters Influencing TLP Response

Environmental .
. Environmental Parameter
Condition
Wind Mean wind speed
Mean wind direction
Wind power spectral density function
Wave Significant wave height
Mean wave period
Wave elevation spectral density function
Mean wawve direction
Wave directional spreading function
Current Surface current (speed and direction)
Current profile (speed and direction)
Tide Astronomical tide
Storm surge

Both APl RP 2A and 2T utilize WSD approach for the design of the structure. Notably, the RP 2T 3rd
Edition (latest) specified the limit states design approach for the tendon design which was not the case
in the previous editions of the document.

The API RP 2T adopts the WSD design methodology for the deck and hull design, and refers to API
RP’s 2A, 2U, 2V, and AISC (ASD) standards for the structural elements and states that applicable class
society codes may be used for buckling design check.

For structural elements designed for Safety Criteria A, safety factors recommended in APl 2A-WSD
and AISC should be used for normal design conditions associated. For extreme design conditions
associated with Safety Criteria B, the allowable stresses may be increased by one-third.

2.2.3 APIRP 2FPS

The current first edition of APl RP 2FPS 1st Edition issued in March 2001 refers to APl RP’s 2A and
2T for the definition of the environmental criteria for GOM floating production systems. The second
edition is due for publication in 2011 and will be based on the 1SO 19904-1. The document refers to
both API RP 2A and 2T valid editions in 2001 for the definition of the applicable environmental
conditions. For Category 1 FPSs intended for field development the 100 year return period is specified.
Lower criteria is stated to be acceptable for Categories 2 and 3 employed in earlier exploration and
drilling phases of the development with durations of less than 5 years for Category 2 and 120 days for
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Category 3. Also lower criteria may be accepted if the platform is evacuated with adequate notice prior
to the design storm. APl RP 2FPS also refers to APl RP 2N for specification of ice loading conditions.

The API RP 2FPS adopts the WSD design methodology for the hull design and refers to APl RP’s 2A,
2T, 2U, 2V, the AISC (ASD) standards for the structural elements.

2.3 Loading Conditions - ISO

2.3.1 1SO 19900 - General Requirements

This general standard, applicable to all offshore structures, requires that the structural design be
performed with reference to a specified set of limit states. For each limit state, design situations are
required to be determined and an appropriate calculation model be established. ISO 19900 divides the
limit states into four categories:

a) Ultimate limit states (ULS)

b) Serviceability limit state (SLS)
C) Fatigue limit states (FLS)

d) Accidental limit states (ALS)

The document gives general description of the environmental conditions that must be considered
depending on the type of structure under consideration. These include wind, wave, current, water depth
and sea level variations, marine growth, ice and snow, temperature, and other meteorological and
oceanographic information such as fog, wind chill, and variability of seawater density.

2.3.2 1S0O 19902 — Fixed Steel Offshore Structures

2.3.2.1 Actions for in-place condition

ISO 19902 Clause 9.4.1 states that one of three methods is normally used for defining an environmental
action combination that generates the extreme direct action E_ and generally also the extreme action

effect, caused by the combined extreme wind, wave and current:

a) 100 year return period wave height (significant or individual) with associated wave period,
wind and current velocities;

b) 100 year return period wave height and period combined with the 100 year return period
wind speed and the 100 year return period current velocity, all determined by extrapolation
of the individual parameters considered independently;

C) any reasonable combination of wave height and period, wind speed and current velocity that
results in
— the global extreme environmental action on the structure with a return period of 100

years, or
— arelevant action effect (global response) of the structure (e.g. base shear or overturning
moment) with a return period of 100 years.
Further discussion of these methods is given in ISO 19901-1 and is summarized herein. Method a)
using the100 year return period wave with associated parameters estimated from correlations has been
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used in Gulf of Mexico structures, while b) with 100 year return period wave, 100 year return period
wind, and 100 year return period current has been used in the North Sea and other areas. Method c)
employing the joint 100 year return period action or action effect is a more recent development, suitable
when a database of joint occurrence of wind, wave and current is available.

As stated in ISO 19902, additional considerations should be given to obtaining the extreme direct
action, E,, for locations where there are strong currents that are not driven by local storms. Such

currents can be driven by tides or by deep water currents, such as the Loop Current in the Gulf of
Mexico, Figure 2-3 /21/. In this case, method a) would be acceptable if the storm generated conditions
are the predominant contributors to the extreme global environmental action (action effect) and if the
appropriate “associated” value of tidal and circulation current can be determined. However, method c)
is conceptually more straightforward and preferable. Method b) is the simplest method that ensures an
adequate design environmental action (action effect) since it is usually very conservative compared to
the true 100 year return period global environmental action (action effect).

Figure 2-3 Loop Current (NOAA) /23/

For some areas, substantial databases are becoming available with which it is possible to establish
statistics of joint probability of occurrence of wind, wave and current magnitudes and directions. When
such a database is available, it can be used to develop environmental conditions based on method c),
which provides the true 100 year return period extreme global environmental action on the structure.

Figure 2-4 reproduced from ISO 19902 shows the parameters that should be accounted for when
calculating the combined wave and current actions on a jacket structure. The figure was adopted from
API RP 2A 21* Edition.
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Figure 9.5-1 — Procedure for calculating the quasi-static action caused by wave plus current

Figure 2-4 Wave and Current load combination procedure

The corresponding partial action factors to be used in conjunction with the 100 year return period global
environmental action (action effect) are required to be determined using structural reliability analysis
principles, in order to ensure that an appropriate safety level is achieved. This approach provides more
consistent reliability (safety) for different geographical areas than has been achieved by the practice of
using separate (marginal) statistics of winds, currents, and waves.

It should be noted that both APl and NORSOK adopt similar definition of the extreme design
environmental load conditions. However, ISO provides more guidance in this regard.

2.3.2.2 Partial Factor Design Format

The general equation for determining the design action (F,) for in-place situations is given in ISO

19902, Equation 9.10-1, and the appropriate partial action factors for each design situation are given in
ISO 19902, Table 9.10-1 shown here as Table 2-5:
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Fa=Vee1 Cr ¥ T Cot Vo Qut Ve @t Vego (Bo Vip Do) * Vg (Bt v pD,) (2.1)
where:

G,, G, are the permanent actions defined in 9.2;
Q,, Q, are the variable actions defined in 9.2;
E is the environmental action due to the owner-defined operating wind, wave and current

0
parameters;
Do is the equivalent quasi-static action representing dynamic response in accordance with 9.8, but
caused by the wave condition that corresponds with that for E;
E. is the extreme quasi-static action due to wind, waves and current as defined in 9.4 and taking
account of the requirements of 9.5 t0 9.7;
D, is the equivalent quasi-static action representing dynamic response defined in 9.8.1

Vicr Ve ¥row ¥tz '€ the partial action factors for the various permanent and variable actions

discussed in 9.9 and for which values for different design situations are given in Table 9.10-1
(see A.9.10.3.2.1)
Yeo ¥ £ e &F€ Partial action factors applied to the total quasi-static environmental action plus equivalent

quasi-static action representing dynamic response for operating and extreme environmental conditions,
respectively, and for which values for different design situations are given in Table 9.10-1 shown here
as Table 2-5;

Y e ¥ ¢p are the partial action factors for the environmental actions discussed in 9.9 and for which

appropriate values shall be determined by the owner.
All section referenced in above definitions refer to Clauses in 1ISO 19902.
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Table 2-5 Partial Factors

Table 9.10-1 — Partial action factors for in-place situations and exposure level L1

) o Partial action factors #
Design situation
YiE1 Fia2 Fran oz ¥iEo Yige
Permanent and varable actions anly 1,3 1,3 1.5 1.5 0,0 0.0
Cperating situation with corresponding wind, £ g o
wave, andior current conditionsb 13 1.3 1.5 1.3 0.9 ree 0.0
Extreme conditions when the action effects
due to permanent and variable actions are 1.1 1.1 1.1 0,0 0,0 FiE
additive®
Extreme conditions when the action effects
due to permanent and variable actions 0,9 09 0.8 0,0 0,0 YiE
opposed
A wvalue of O for a partial action factor means that the action is not applicable to the design situation.

a
B For this, check that &5, &4 and {5 are the maximum values for each mode of operation.

% For this, check that Fy. G and @y include those paris of each mode of operation that can reasonably be present during extreme
conditions.

4 For this, check that o and @y exclude any parts assocciated with the mode of operation considered that cannot be ensured of

being present during extreme conditions.

The partial factors specified in Table 2-5 are almost identical to those given in APl RP 2A LRFD for
the gravity and variable actions; see Table 2-16 giving a summary of the comparison of the partial
factors. However there are subtle differences in definition of actions related to operating environmental
conditions and the inclusion of dynamic actions. The ISO 19902 treatise appears to be more
comprehensive and logical to apply in design.

Values of the extreme environmental action factor yse are given in Annex A (Sec. A.9.9.3.3) of the ISO
19902 for the north-west shelf of Australia (AUS), the UK sector of the North Sea (NS), and the Gulf of
Mexico (GOM) for structures manned or unmanned during the design event. For manned installations
of exposure level L1 y¢e values of 1.59 for AUS and 1.40 for NS are specified corresponding to a target
annual failure probability of 3x10®°. These factors go down to 1.17 for AUS (and GOM) and 1.09 for
NS unmanned or evacuated structures with annual failure probability of 5x10. The latter is associated
with L2 exposure category by definition.

It should be stated that 1ISO 19902 in the same Annex section referenced above specifies also RSR’s
(Reserve Strength Factors defined as the ratio of the collapse capacity to the 100 year return period
action) for each of the three regions and unmanned/manned conditions. However no guidance is given
as to how the RSR is to be calculated. The calculation of RSR has high degree of variability regarding
the assumptions to be applied in the pushover ultimate strength analysis.
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2.3.2.3 Acceptable safety factors and allowable utilization factors

Table 10.5-1 in ISO 19902, Table 2-6 here, compares the requirements for extreme and abnormal
environmental actions. The extreme environmental actions correspond to a minimum return period of
100 years while the abnormal actions have a 10,000 year return period.

Table 2-6 Extreme and Abnormal Conditions

Table 10.5-1 — Compariscn of extreme and abnormal envirenmental action requirements

. Situation
Requirement
Extreme environmental actions Abnormal environmental actions
Gowerning clause for actions |Clause B Clauss 10
Lirnit siate ULS ALS
Retum pericd 100 years See 10.1.5, defau't 10 000 years
Partial action factor See Clause 2, default 1,25 1.0
Partial resistance faciors See Clauses 13, 14, 15, 17; gens=rally 1,05 1.0
io 1,25 but up to 2.0
Wave cresi haight Assocated with 100 year retum svent Agsociated with abnorma’ environmental
ewent

2.3.3 1SO 19904-1 Floating Offshore Structures — Part 1: Monohulls, Semi-submersibles and
Spars

ISO 19904-1 states that design checks can be undertaken using either the partial factor design format
(Limit State Design or LSD) or the WSD format.

2.3.3.1 Partial factors (LSD) format - safety, and allowable utilization factors

Design checking shall be achieved by demonstrating that design values of action effects resulting from
factoring the actions do not exceed the design value of the resistance variable being addressed for the
limit state under consideration. The partial action factors required for design checks are presented in
Table 2-7:
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Table 2-7 Action Combinations - LSD

Table 4 — Partial action factors (%) and combinations
Partial action factor
i
Limit state Action category
Permanent Variablz Envircnmenial Rezpetitive Accidental

() @1 [E} R} 4]
ULZ-a 1,3 1.3 0.7 — —
ULE-b 1,0 1.0 1.3 — —
LS 1.0 1.0 1.0 1.0 —
Pre-ALS 1.0 1.0 — — 1.0
Post-ALS 1.0 1.0 1.0 — —

In e ULS-a condltion, an action factor of 1,0 shall be used for the pemanent action, the varable action, or both, where tis ghves a
mare un‘awourable combined acton effect than 1,3

The action tachar *or pemmansnt actons In ULS-3 may be reouced from 1,3 10 1.2 If the actlon and acton efects are detzrmined wiih
graat accuracy (for esamgle, extemal nyorostatic Auld pressurss acting on a righd body)

For the ULS, two action combinations are considered: one to reflect gravitational action-dominated
conditions; the other to account for environmental action-dominated conditions. In Table 4 of ISO
19904-1, Table 2-7 above, these two combinations are denoted ULS-a and ULS-b, respectively. It
should be noted that there are differences between these partial action factors and those proposed in ISO
19902 for fixed structures, Table 2-5. Note the 0.7 factor on the extreme environmental load E in ULS-a
and the 0.9y¢g in operating situation of Table 2-5. There are differences also in the definition of the
design limit states. ISO 19902 utilizes two extreme loading conditions (similar to APl RP 2A LRFD)
one with unfavourable and another with favourable gravity and variable actions on the response effect
under consideration.

For ALS, two conditions are to be assessed. These are denoted in Table 2-7 as pre-ALS and post-ALS.
The two accidental limit state conditions represent the structure at the time of the ALS event, and in the
damaged condition, respectively.

The partial action factors stated in Table 2-7 for the pre-ALS condition apply to values of accidental
event magnitudes that equate to a return period of the accidental event of 10,000 years (i.e. annual
probability of exceedance = 10™). If the return period exceeds 10,000 years, in some circumstances
(such as to ensure a degree of robustness exists in the event of the accidental event occurring), it can be
appropriate to combine the accidental event with a feasible environmental event such that the return
period of the combined event on a joint probability basis is 10,000 years.

For ULS conditions in relation to steel structures, neither the partial resistance factor y, nor the partial
material factor, y_, is to be less than 1.15. Where the resistance concerns bolted connections and fillet
and partial penetration welds, this minimum factor is to be increased to 1.30. Standards adopted for

establishing structural strength could require increased partial resistance factors. In such cases, these
increased factors shall be used instead of the minimum factors of 1.15 and 1.30, as appropriate.
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2.3.3.2 WSD format - safety factors and allowable utilization factors

In the following table, the action combination factors applicable to the WSD format are listed for each
limit state and for each combination of action categories.

Table 2-8 Action Combinations - WSD

Table 5 — Action combination factors

Action combination factor
Limit state Action category
Fermanen: | Variable | Environmenial | Repetitive | Accidental

() 2 [E) {R) i)
LULS-3 1,0 1.0 — — —
LULSb 1,0 1.0 1.0 — —
5LS 1,0 1.0 1.0 1.0 —
Pre-ALS 1.0 1.0 — — 1.0
Post-ALS 1,0 1.0 1.0 — —

For ULS, two action combinations are to be considered: one to reflect the structure located in a calm sea
with responses associated with static actions only; the other for the structure subjected to extreme
environmental actions combined with relevant static actions. In Table 5 of ISO 19904-1, Table 2-8
above, these combinations are denoted ULS-a and ULS-b, respectively.

For ALS, two conditions are to be assessed. These are denoted in Table 2-8 as pre-ALS and post-ALS,
which represent the structure at the time of the accidental event, and in the damaged condition
following the accidental event, respectively.

Similar to the LSD format, the WSD action factors stated in Table 2-8 for the pre-ALS condition apply
to values of accidental event magnitudes that equate to a return period of the accidental event of 10,000
years. If the return period exceeds 10,000 years, it can be appropriate to combine the accidental event
with a feasible environmental event such that the return period of the combined event on a joint
probability basis is 10,000 years.

In the design check, the acceptability of a comparison between design values of the action effects and of
the strength is conditional upon the action effect (F ) being less than the design strength (R ) reduced by
a safety factor greater than unity (C.), or the design strength (R,) multiplied by a fraction less than
unity (n). Thus, the design check may be expressed as
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Fy<-% (2.23)
Csr
or, alternatively:
Fy <nRq4 (2.2h)

2.4 Loading Conditions - NORSOK

The principles of the limit state design (LSD) and the definitions of the four limit state categories are
the same as given in the 1SO 19900 discussed above; Sec. 2.3.1. All identified failure modes must be
checked within the respective groups of limit states, i.e. ULS, SLS, FLS and ALS. It is required that the
structure possesses sufficient ductility to develop the relevant failure mechanism.

2.4.1 N-003 - Action and Action Effects

The requirements and definitions regarding environmental and loading conditions are given in Section
6.7 of NORSOK N-003. Similar to 1SO, NORSOK characteristic values of individual environmental

-2 -4

actions are defined by annual exceedance probabilities of 10 (for ULS) and 10 (for ALS). The long-
term variability of multiple actions is described by a scatter diagram or joint probability density
function (PDF) including information about environmental direction. Contour curves or surfaces for
more than two environmental parameters can then be derived which give combination of environmental
parameters that approximately describe the various actions corresponding to the given exceedance
probability. Alternatively, the exceedance probabilities can be referred to the action effects. This is
particularly relevant when the direction of the action is an important parameter.

For fixed installations collinear environmental actions are normally most critical, and the action
intensities for various types of actions can be selected to correspond to the exceedance probabilities
given in Table 2-9 (N-003 Table 4). For other installations action combinations which involve a large
difference in action direction need to be addressed.

Table 2-9 presents an alternative option for combining wave, wind, current, ice, snow, earthquake, and
sea level elevations in design without resorting to joint probability evaluation or leaving its proper
allocation to the operator as stated in 1ISO 19902, 19904-1 and API RP 2A. As indicated in the table, the
ULS associates the 10 year conditions with the 100 year main action and the ALS condition associates
both 100 year and 10 year conditions with the 10,000 year main action. This differs from APl where
only one year conditions are required to be associated with 100 year extreme conditions. This is
believed to be a result of considering the Gulf of Mexico to be more benign that the North Sea when it
comes to extreme environmental conditions. This assumption was disputed after the severe hurricane
seasons of 2004 and 2005, See Figure 2-5 taken from /31/.
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DRNW

Table 2-9 Action Combinations Annual Probabilities

Table 4 — Combination of environmental actions with expected mean values and annual probability of

exceedance 102 and 10

Limit state Wind | Waves | Current | Ice | Snow | Earthquake | Sea level®
107 107~ 107 - - - 107
Ultimate 1" | 10~ 10* - - - 10
Limit 10" | 10~ 10" |10%| - - m
State - - - - | 107 - m
- - - - - 10°2 m
Accidental 107 10° 107 - - - m*
Limit 10 10~ 10" - - - m*
State 10" | 10~ 10 - - - m*
- - - 10°* - - m
- - - - - 10 m
® m - mean water level
m* - mean water level, including the effect of possible storm surge
Seismic response analysis should be carried out for the mast critical water lavel.
100-yr H,,2x Comparison
110.00
~ 100.00
~ 90.00 7 \
£ 80.00 5\ com
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Figure 2-5 Regional Wave Design Criteria

2.4.2 N-001 - Integrity of offshore Structures

In Section 6.2 of NORSOK N-001defines and specifies the partial action factors. When checking the
ULS, SLS, ALS and FLS limit states, the ULS action factors to be used are given in Table 2-10 (N-001
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Table 1). Two ULS conditions are defined in Table 2-10; namely, “a” and “b” that correspond to a case
with maximum gravity and variable loads with a reduced environmental load and a condition with
realistically reduced gravity and variable loads combined with the maximum (extreme) environmental
load, respectively.

The specified action factors are identical to those given in ISO 19904-1, see Table 2-7.

Table 2-10 Action Combinations — Limit States

Table 1 — Partial action factor for the limit states

Limit state Action Permanent Variable Environmental | Deformation
combinations | actions (G) actions (Q) actions (E) * actions (D)*
ULSs a" 1,3 1,3 0,7 1,0
ULS b 1,0 10 13 1,0
SLS 1,0 10 1,0 1,0
ALS Abnormal 1,0 1,0 1,0 1,0
effect”
ALS Damaged 1,0 1,0 1,0 1,0
condition °
FLS 1,0 1,0 1,0 1,0
* For permanent actions and/or variable actions, an action factor of 1,0 shall be used where this gives the most unfavourable
action effect
Actions with annual probability of exceedance = 10

Limit state Action Permanent Variable Environmental | Deformation
combinations actions (GQ) actions (Q) actions (E) d actions (D)*
* Environmental actions with annual probability of exceedance = 10°
Earthquake shall be handled as ervironmental action within the limit state design for ULS and ALS (abnormal effect)
# Applicable for concrete structures

For ship-shaped facilities, the action factor for environmental actions (E) may be reduced to 1.15 for
action combination “b” when calculating longitudinal bending moment, if the still water bending
moment represents between 20% and 50% of the total bending moment.

For steel structures the material factor specified is 1.15. In the case of geotechnical analyses, the
material factor should not normally be lower than 1.25. For piles and anchors the material factor for soil
is 1.3 which applies to pile groups. A material factor lower than 1.3 is permitted for individual piles if it
can be documented it will not result in adverse behaviour.

2.5 Summary of Environmental Criteria and Loading Comparison

Side-by-side comparison of the requirements specified in the three codes is depicted in Table 2-11. The
table shows that the wave kinematics factor is similar in the three standards varying from 0.85 to 0.95
for tropical storms. NORSOK requires 0.95 to be used for North Sea conditions. Marine growth is
dependent on the regional conditions with about double the marine growth required in the North Sea
compared to the GoM. The same drag and inertia coefficients are specified across the three codes. The
conductor shielding factors, wind profiles and gusts, and wind spectra formulations are also the same in
all three codes. The wind spatial coherence is the same in API and ISO but is more strict in NORSOK
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requiring 3s gust rather 5s gust for areas with length less than 50m. Also, NORSOK requires the use of
the 1-min speed for global wind loads combined with waves. By contrast, both APl and ISO allow 1-h
wind for static conditions where dynamic aspects are not significant and 1-min wind when dynamic
response is important.

The calculation of the wind force is equivalent in the three standards with difference only in
presentation in NORSOK giving the force normal to the member instead of in direction of the wind The
current blockage factors are identical in the three standards. With regards to ice loading the API RP 2A
and NORSOK N-003 refer to APl RP 2N while the ISO 19902 points to the ISO 19906 standard.

With regards to deck clearance requirements, it is noted that all three codes require 1.5m (5 ft) air gap
above the 100-year wave crest elevation. As stated in Section 2.2.1, Bulletin 2INT-DG gaves guidance
on design using the new metocean criteria of 2INT-MET and significantly increased the requirement for
deck height elevation by adding 15% for local random wave crest to the maximum wave crest . The
1000-year wave crest was also recommended for robustness consideration.The I1SO 19902 gives more
details on how to calculate the deck elevation and has an additional criterion of 30% of wave crest
elevation as governing clearance if greater than the 1.5m. The NORSOK N-003 and N-004 require a
positive air gap for the 10,000 year wave crest in addition to the 1.5m above the 100 year wave crest
requirement. It should be noted that there is a large difference between the three codes on this issue.
This is important for the probability of failure. The requirement in ISO of 30 % increase and in
NORSOK of 10 000 year crest will add meters to the air gap. It is therefore not understandable that the
old 1.5 m requirement is still present in these two codes. For a fixed platform this may be the single
requirement that is different in API and 1ISO (NORSOK) with the largest impact on the probability of
failure.

API RP 2T is more comprehensive than RP 2A in defining the loads and load combinations due to the
sensitivity of the Tendon Leg Platform to its payload. APl 2FPS refers to both APl RP 2A and 2T for
guidance related to environmental conditions and load definition.

Both APl RP 2A and 2T utilize WSD approach for the design of the structure. Notably, the RP 2T 3rd
Edition (latest) specified the limit states design approach for the tendon design which was not the case
in the previous editions of the document.

The current first edition of APl RP 2FPS 1st Edition issued in March 2001 refers to API RP’s 2A and
2T for the definition of the environmental criteria for GOM floating production systems.
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Table 2-11 Comparison Table — Environmental Criteria and Loading Conditions

APTRF ZAJAPT 2INT-MET

150 19301-1/150 19502

NORSOK N-005

Waves

Section 2.3.1

Annex AB

Section b

Wave Kinematics factor

APIRP 2A, 2.3.1
0.85 ta 0.95 for tropical storms
.95 to 1.00 for extra-tropical storm

IS0 19902, A.24.7.3
0.88 for tropical cyclones
1.0 for winter storms

N-003, 6.2.4
0.95 for Morth Sea Conditions

Drag and Inertia Coefficient

smooth Cy=0.65; C,=1.6
rough Cy=1.05; Cp=1.2
IApplicaIJIe to U, T /0= 30;

smooth Cz=0.65; C,,=1.6
rough Cz=1.05; C=1.2
Applicable to U T/D = 30;

APIRP 24, 2.3.4 IS0 199011, C.28 & C.4 N-003, 6.6.1
1.5" (3Bmm) from MHHW to -150 ft (-48 m) in Gol; Table C.1 for UK Sector Area Offshore Morway only
Table C.2 same as NORSOK for Areas offshore Norway; Water Depth | 55%tp £9° 59% o 72°
_ GoM: LAT +3 m to -50 m: 38mm; m mm mim
Marine Growth Offshare southern and central California: 200mm are comman Above + 2 0 0
-2to-40 100 60
Under -40 50 30
API RP 24, 2.3.1 IS0 19902, 9.5.2 N-003, 6.2.4

smooth Cy=0.65; C,=1.6
rough C4=1.05; C,=1.2
Applicable to U T/D = 30;

Conductor Shielding Factor

APIRP 24, 2.3.1
Figure 2.3.1-4, applicable to Upma/T /S > ba (extreme waves);

For less severe waves, with Umo/Tapp/S < 5p as in fatigue analyses,
here may be less shielding

IS0 19902, 9.5.2

Figure 9.5-2, applicable to Upg/Tapy/S > 5n (extreme waves);

For less savere waves, with Umo/Tapp/S < 5p as in fatigue analyses, the
shielding shall not be invoked.

N-003, 6.2.4 (referred to IS0 15902)

Wind

Section 2.3.2 Wind

Wind profiles and Gusts

APIRP 2A, 2.3.2

iz t) = Uiz) x [1-0.41 x l,(z) x In{t't,);

|U[z] =U,x[1 +CxIn(z/32.8)

C=573x 107 x (1+0.0457 x U,)"?

I(z) = 0.06 x [1+0.0131 x U] x (z/32.87%*

\whare Uy ft/s;is the 1 hour mean wind speed at 328 ft

IS0 199011, C.7.3

Utz t) = Uy riz) x [1-0.41 x ,(z) x In{TIT,);

U 1n(z) = Uyo x [1 + C x Infziz;)

C=5T73x 107 x (1+0.15 x Uyg)'™?

(2} = 0.06 x [1+0.043 x U,g] x (2/z)*#

where U, 1, m/s,is the 1 hour mean wind speed at Z= 10 m; (Sl units)

N-003, 6.3.2

w(z.t) = Uiz) x [1-0.41 x l(z) x In{tt;);

U{z) = Uy x [1 + C x In(z/32.8)

C=573x10%x (1+0.15 x U,)"?

,(z) = 0.06 x [1+0.043 x U] x (z/107%*

where Uy m/s)is the 1 hour mean wind speed at 10m; All in Sl units

Wind Spectra

APIRP 24, 2.3.2

S(f) = [3444 x{U/32.8)x(z/32.8)" 451+ 5
“f= 172 x f (2/32.8)™ x (U/32.8) "7

where n = 0.468

S(f) (ft*/s"Hz) = spectral energy density at frequency f (Hz)

z(ft) = height above sea level

IUG (fi's) = the 1 hour mean wind speed at 32.8 ft above see level

ISO 199011, A.7.4

S(f.z) = [320 m/s® x (Ug/U o) x (202, )P40 1475 530
F=172xF (z)™ % (UngUoe) ™"

where n = 0468, U= 10m/'s

S{f) (m*s*Hz) = spectral energy density at frequency f (Hz)
z{im) = height above mean sea level

Uw0 (mfs) = the 1 hour mean wind speed at z,

N-003, 6.3.2

S(f.z) = [320 x (UJ10) x (Z/10)™Fi(1+°F) =

F=172xf (21077 x (U10)" 7

where n = 0468, U= 10m/s

S(f) (m*/s*Hz) = spectral density at frequency f (Hz)

z(m) = height above sea level

Uw0 (m/s) = the 1 hour mean wind speed at 10m above see level
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Spatial Coherence

APIRP 24, 2.3.2

3 second gust is appronate for determining the maximum static wind
Mload on individual member;

5 seconds gusts are appropriate for maximum total loads on
structures whose maximum horizontal dimension is less than 164 ft
(50 mj;

15 seconds gusts are appropriate for the maximum total static wind
fload on larger structures;

1 minute sustained wind is appropriate for total static super structure
bwind loads associated with maximum wave forces for structure that
respond dynamically to wind excitation but which do not require a full
dynamic wind analysis;

One-hour sustained wind is appropriate for total static superstructure
lwind forces associated with maximum wave forces.

3 second gust is approriate for determining the maximum quasi-static wind load
on individual member;

5 seconds gusts are appropnate for maximum quasi-static local or global actions
cn structures whose maximum horizontal dimension is less than 50 m;

15 seconds gusts are appropriate for the maximum quasi-static global actions on
larger structures;

For structures that are moderately dynamically sensitive, but do not require a full
dynamic analysis, 1 minute sustained wind is approprate for total static super
structure wind loads associated with maximum wave forces for structure that
respond dynamically to wind excitation but which do not require a full dynamic
wind analysis;

Far structures with negligible dynamic response, 1h sustained wind can be used
to determine guasi-static global actions caused by wind in conjunction with
extreme or abnormal quasi-static actions due to waves and currents;

For structures with significant dynamic response to excitation with periods longer
than 20s, a full dynamic response analysis to fluctuating winds should be
considerad.

N-003, 6.3.3

In case of structuras or structural parts where the maximum dimension
is less than approximately 50m, 3s wind gusts may be used when
calculating static wind actions;

In the case of structures or structural parts where the maximum length
is greater than 50m, the mean period for wind may be increased to
15s;

When design actions due to wind need to be combined with extreme
actions due to waves and current, the mean wind speed over a 1 min
period can be used.

Wind speed and force relationship

APIRP 2A, 2.3.2
F = (p2)u°C.A
F = wind force;
p = mass density of air, (slug/ft®, 0.0023668 slugs/ft* for standard
emperature and pressure)
u = wind speed (ft's)
C. = shape coefficient
= Area of object (ft%)

I1SO 19902, 9.7

F = (pa2)Uy"C:A

F =wind force; in wind velocity direction

pa = mass density of air (at standard temperature and pressure), 1.226 kg/m®
Uy = wind speed

C, = shape coefficient

A = Area of object; normal to wind velocity direction

N-003, 6.3.3

F = (p/2)Un"C.A sin(c)

F = wind force; acting normal to the member axes or surface

p = mass density of air

U, = wind speed

C, = shape coefficient

A = Area of the member or surface area normal to the direction of the
force

o = the angle between the direction of the wind and the axis of the
exposed member or surface

Shape Coefficient

Current Blockage Factor

Snow and lce

APIRP 2A, 2.3.2

Beams - 1.5

Sides of buildings - 1.5

Cylindrical Sections - 0.5

Cverall projected area of platform - 1.0

I1SO 19902, 9.7

Flat walls of building - 1.50

Overall projected area of structure - 1.00

Beams - 1.50

Cylinders - Smoath, Re > 5 x 10°, 0.65
Smaath, Re <= 5 x 10°, 1.20
Rough, all Re, 1.05
Covered with ice, all Re, 1.20

Section 2.3.5 lce, Refer to API Bulletin 2N - Planning, Designing, and
Constructing Fixed Offshore Platforms in lce Environments

API RP 2A, 2.3.2 1SO 19902, A.95
# of Legs  |Heading Factor #of Legs Heading Factor
3 all 0.9 3 all 049
4 end-on 0.8 4 end-on 048
diagonal 0.85 diagenal 0.85
broadside 0.8 broadside 0.8
6 end-on 0.75 G end-on 075
diagonal 0.85 diagenal 0.85
broadside 0.8 broadside 0.8
8 end-on 0.7 8 end-on 07
diagonal 0.85 diagenal 0.85
broadside 0.8 broadside 0.8

Details refer to [SO19906 - Arctic Offshore Structures;
19901-1 Annex C2.8.3 - UK sector
19901-1 Annex CE - East Coast of Canada

Section 6.3.3

C, = 0.65 for Reynold's number > 5 x 10°

C. = 1.20 for Reynolds's number < 5 x 10°

Tubular structures covered with ice, C;= 1.2 for all Reynolds numbers

Further Details, refer to EMY 1991-2-4 and DNV Classification Mote
305

N-003, 6.2.3
Section 6.2.3.2 - 0.9 for 3 legs, 0.85 for more than 3 legs; Refer to
150 19902 for further details.

Section 6.4 with details data
Snow 0.5 Kpa for the entire Norwegian Continental Shelf
Sea ice and iceberge referred to AP Bulletin 2N
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APIRP 24, 2.3.4 1SO-19902 A.6.3.3.2 N-004 K4.4.4 - The air gap should be sufficient to allow for the free
Cmindirectional guideline wave heights with a nominal refurn period  |If storm surge is not expected to occur at the same time as the abnormal wave  |passage of 107 wave without hitting deck members when described as

of 100 years, together with the applicable wave theories and wave  |crest, deck elevation h = (a® + s7 + 1) + f Stokes 5th order kinematic theory.

steepness should be used to compute wave crest elevations above  |If storm surge is expected to occur at the same time as the abnormal wave crest, |N-003 10.2.5.5 - due to the complexity and uncertainty associated with
storm water level, including guideline storm tide. h=[(a+ 5:33 + M 4 f determining actions associated with waves hitting the platforms decks,

_ _ where: a is the abnormal wave crest height; an air gap margin of 1.5 m on the 10-2 wave event, is recommended
safety margin, or air gap, of at least 5 fzet should be added to the s is the extreme storm surge; for fulfilling ULS criteria;

Deck Clearance crest elevation to allow for platform settlement, water depth tis the maximum elevation of the tide relative to the mean sea level The ALS criteria may be fulfilled by a positive air gap or by
uncertainty, and for the possibility of extreme waves in order to f is the expected sum of subsidence, settlement and sea level rise over the|demonstrating survival of the platform subject to a 10~ event.
determine the minimum acceptance elevation of the bottom beam of design service life of the structure
he lowest deck to avoid waves striking the deck. For deep and intermediate water depth a can be approximatad to

a=13 8400

a=ag+15m
84p is the extreme wave crest height with a refurn period of 100 years

APIRP 24, 2.3.6 ISO 19902 Section 11 & 1SO 19901-2 N-003, 6.5
Earthquake _ _
Separate comparison table provided Separate comparison table provided Separate comparison table provided
Section 2.3.4 Hydrodynamic Force Guidelines for US Waters, and Annex C E‘.egional Information;including North-west Europe, West coast of NORSOK N-003 mainly focuses on Morth-West Coast of Europe and
Regional Design Metocean Criteria  [2.3.4¢ hurricanes to be replaced by API 2INT-MET Africa, US Gulf of Mexico, US West Coast of California and East coast of refers to 150;
Canada

Mote: 1. APl RP 24 focuses on GoM and hurrican criteria(2.3.4¢ & 17.6.2a are replaced by APl ZINT-MET);
2150 19901-1 provides environmetal guidelines for the regions all over the world including North-west Europe, West coast of Africa, US Gulf of Mexico, US Coast of California and East coast of Canada;
3. NORSOK N-003 mainly focuses on Morth west coast of Europe and refers to 150,
4. Deck clearance criteria:
a) 1.5 m or 5 ft air gap required for APIISO;
b} but different way of calculation the maximum wave crest: APl and 150 use the 100-yr return period waves;

MORSOK provides two options: ULS: 107 wave crest + 1.5 m or free passage of 107 wave without hitting deck members
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The differences between WSD and LRFD design philosophies were briefly discussed in
Section 1.4. It was explained there that WSD methodology suffers from the inability to allocated
different safety factors to different loads depending on their uncertainty level. However the WSD
is simpler in that it requires only one number as the safety factor. By contrast, the LRFD, or the
LSD, methods have to define load/action factors plus one resistance factor for each design
condition/limit state.

The operating WSD acceptable stress is normally set as 0.6 Fy (where Fy=yield strength) which
would be equivalent to 1.45 load factor and 1.15 resistance factor. Therefore if the unfactored
loads are the same, the WSD design should be more conservative. For the extreme condition the
API 1/3" increase in allowable stress leads to 0.8 Fy as the acceptable stress and equivalent
uniform load factor of 1.09 with 1.15 resistance factor indicating that the LRFD approach would
be considerably more conservative for any significant environmental loading condition.

In order to calculate the load factors an acceptable failure probability is specified in the standards
in the form of annual probability or reliability index as noted in Table 2-12, for API Section 17
and NORSOK, Table 2-13 from I1SO 19906 which is also applicable to 1SO19902, Table 2-14
from DNV CN 30.6 (2002), and Table 2-15 from DNV/Riso guidelines for wind turbine design.
The reliability index  is defined as

B=—0"1(P, (2.3)

where o is the inverse normal distribution function.

Table 2-12 does not represent any target reliability, but is a comparison of the probability of
failure between API section 17 and NORSOK for two cases of uncertainty in the resistance
formulation. This should not therefore be viewed as target reliability for NORSOK but only as an
indication to that effect. The shown annual P; was calculated using probabilistic analysis
software (PROBAN) with a limit state function that defines failure as action exceeding
resistance.

These are shown to be very similar across the standards. The load/action factors are calculated
using a calibration procedure described in; e.g., 1ISO 2394 (1998). The calibration procedure
involves many assumptions and approximations that are not spelled out in the codes. However,
the acceptability of the proposed factors is demonstrated by application to actual structures that
exhibit adequate performance under actual design environmental conditions.

Table 2-16 compares the load/action factors specified in API, ISO, and NORSOK standards.
Again this table presents a side-by-side comparison of the three codes. Because APl RP 2A 21
Edition is a WSD code, the 1993 API RP 2A LRFD was used for the comparison with the 1SO
and NORSOK codes which use the LSD which is same as LRFD.
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As noted earlier in Sections 2.2, 2.3 and 2.5, the load/action factors are similar in 2A LRFD and
ISO 19902. It is our understanding that the APl document was utilized as a starting point for the
ISO standards development that started in the 1990’s. Therefore the ISO document have
improved considerably on the 2A LRFD document not only in providing more guidance to the
designer but also in correcting and clarifying several issues that existed in 2A LRFD such as the
separation of the inertia component of the load with different load factor and the definition of an
operating environmental condition.

Table 2-12 Annual P in API Sec. 17 and NORSOK for unmanned and manned platforms

CoV{Xg) API MNorsok
Capacity - : AT o
Unmanned Manned Unmanned | Manned (ULS) | Manned (ALS)
0.2 5-107 1-102 9 1-10* 5-10° 2-107
0.1 3-107 3-10° 2-10™ 6-107 2-107

*y Calibrated value
Table 2-13 ISO 19906 Reliability Targets for ULS and ALS
Exposure Level | Maximum Acceptable Annual Failure Probability

L1 1.0x 107
L2 1.0x 10™
L3 1.0x 103

*L1=high consequence/manned non-evacuated, L2=Medium consequence/manned evacuated or unmanned or Manned Evacuated
with low consequence, and L3= low consequence unmanned structures.

Table 2-14 DNV Classification Notes 30.6 (1992) Annual Pf and Target Reliability Indices

Class of Failure Less Serious Serious
Consequence Consequence

I. Redundant structure Pep= 107 Pr= 107
B=3.00 p=3.71

1. Significant warning prior to Pr=10" Pr=10"
ooeestiweinaren | gy | pesa
[I.No warning before the Pr= 107 Pr= 10°®
occurrence of failure in a non- B =426 B =475

redundant structure
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Table 2-15 Guidelines for Design of Wind Turbines, DNV/Riso, 2002"

Table 2-3. Target annual failure probabilities Per and corresponding reliability indices fr.

Failure consequence

Failure type

Less serious
LOW SAFETY CLASS

(small possibility for
personal injuries and
pollution. small

Serious
NORMAL SAFETY CLASS

(possibilities for
personal injuries.
fatalities, pollution,

Very serious
HIGH SAFETY CLASS
(large possibilities for

personal injuries,
fatalities, significant

of failure in non-
redundant
structure)

€Conomic and significant pollution. and very
consequences, economic large economic
negligible risk to life) | consequences) consequences)

Ductile failure

with reserve Pr=10" pr=10" P:=10"

capacity Br=3.09 Br=3.72 Pr=426

(redundant

structure)

Ductile failure

with no reserve Pr=10" Pr=10" P:=10"°

capacity Pr=3.72 Pr=4.26 Pr=4.75

(significant

warning before

occurrence of

failure in non-

redundant

structure)

Brittle failure

(no warning P:=10" Pr=107° Pe=10"

before occurrence Pr=4.26 Pr=4.75 Pr=75.20

*Reference NKB, 1978.

It should be noted that the probability of failure though defined in design codes as the probability
the load/action exceeds the strength/resistance to avoid failure; the code rarely defines the failure
itself. As noted in this report, even in Limit State Design philosophy, the load/action factors and
resistance factors ensure the safety of the structure under extreme environmental conditions. The
uncertainty in the loading would lead to ultimate strength response of the structure.
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Table 2-16 Load/Action Factors

APIRP 2A - WSD

1SO 19901-1/1SO 19902

NORSOK N-001, NOO3

AFIRP 2A -WSD Section 2.2.2

IS0 19902 Table 9.10-1 - Partial action factors for in-place situations and exposure level L1

M-001, Table 1 - Partial action factor for the limit state

D, = the lzad imposed on the platform by weight of equipment and other objects

L, = Live load incuding the weight of consumable suppfes and fluids in pipes and tanks
L, = the short duration force exerted on the structure from operations

W, = the owner defined operating wind wawe and curment load

W, = the force applied to the structure dus to the combined action of the exireme wave
(typically 100-yr return pericd] and associzted curent and wind

0, = ineria load

TrE. 11D are the partial action taciors for the ervironmensal actens discussed In 9.5 and for whizh aspropnals vaues snall be detemmingd by the owrer

Where no information on partial action factors that are specific to the case under consideration is available, these
factors may be taken to be e =1.35 and 35 = 1.25

and direction during the period considarad.
E = Environmential acticns

The loading conditions should include envireonmental cenditions combined with Desion Condii Parfial action factors Limit 5t Action conmbinations terr"_'..:ne Wariable Environmenta Deformation
appropriate dead and live loads in the following manner E=Ign Londrian oo — oo - Yo mit State n T:él.ons actions (@) actions (E)° actions (D)
1. Operating environmental conditions combined with dead loads and maximum - - - - — 3 - —
live loads appropriate to normal operations of the platform. Fermanent and variable actions only 1.3 1.3 1.5 1.5 0.0 o0 ULs El 13 12 0.7 1.0
2. Operating environmental conditions with dead loads and minimum live loads r i ion wil ondi i -
< Upersiing =n hans E Operating situation will corr=spanding wind, 1.3 13 1.5 1.5 0.9 0.0 ULS b 1.0 1.0 13 1.0
appropriate to the normal operations of the platform wave, and'or current conditions
3. Design envirenmental conditions with dead loads and maximum live loads Exireme conditions when the actions efects
appropriate for combining with extreme conditions dus fo nermanent and varizble actions are 1.1 1.1 1.1 0.0 0o z SLE 1.0 1.0 1.0 1.0
. Design environmantal conditions with dead leads and minimum live loads additive
appropriate for combining with extreme conditions Extreme conditions when the actions efects
dus to permanent and variable actions are 0.8 0.8 0.8 0.0 0.0 £ ALS Abnormal effect” 1.0 1.0 1.0 1.0
oppose
£
E APIRP 2A - LRFD Section C Foy= e B+ Mg Fr+ g B = hge B2+ fime & + HioPoh + fee (5 + Hple ALS Damaged condition” 1.0 1.0 1.0 1.0
]
£ | oesign conditions O Dz fto| Lo [Wa | Wel O f FLS 1.0 1.0 1.0 1.0
E Factored Gravity Loads 1311315 15 G;IG- are e pemmanent actions Sene In 63 a For permanant actions andior variable actions, an action factor of 1.0 shall be usad where this gives the meost
] I ] _ a Q‘. ® pemans ) _"‘ unfaveurable action effect
2 | Operating Wind Wave and Currentload |1.3{ 13156 1.5 | 1.2 - 1.5 11 41 are e uariable acfons defined n 2.2 b Actions with annual probability of exceedance = 10
S |Extreme conditions when the actions E:! s the environment aclion due to the camer-deiined operating wind, wave and cunnent perameiers £ tal - it | babil " 4 =10 -2
& |effects dus to permanent and variable 1401414 - - |1.28|1.8278 Do izine equiaient quasi-staic acion represening cymamk responss In accardance with 3.5 but cavsed by e wave condion al camespands wilh Fat far So G Environmental achions with annual probabl ty of exozedance = L
| . d Earthguaks shall be handled as environmenial action within the limit state design for ULS and ALS (abnormal
= |actions are additive E. 5 e Extrame guasi-Sisic acion cus o wind, waves, and Cument as defined In 9.4 2nd taking account of the requirements of S5 10 2.7 effect)
o 2l
ﬁ ExlrE'I'IlE GDI"dit ons 'h'hEI" t"lE' aﬂt ons DC I3 the egu ke quasi-sisfic action representing Synamic respanse dedned In 381 a qpp“c‘able f{:lr DG'\CA'etE' struciuras
ﬂ effects dus to permanant and variable ogo|o0g|0e - - 1.35 | 1.68758 {132 ane the parfal aciion for the varous permanent and varable actions clscussad In 5.5 and for which valuss Tor difenent design shuabions are glven
actions ars oppose I Table aboee; Z = Permansent actions - the actions that will not vary in magnitude, position or direction during the time period
DI = calf l\t—gh‘l of the structure 'fr,Eo Vg ar= fhe partial action for he various permanent and varisble acfions discussad in 2.9 and for which vakees for dierert desige shuafions are giver In Table above; | COMNS dered.

2 =Varable actions - the actions originate from normal operation of the structure and vary in pesition magnitude

O = Deformation actions - the actions caused by deformations, imposed on the structure. They may be caused
by the structure's fumction or the surrounding environmental conditions, or by construction processss.

of exceedance 107 and 107

M-003, Table 4 - Conbination of environmental actions with expected mean values and annual probability
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1. Typically, a 1-year to S-y=ar winter storm is used as an operating condition in (Dne of three methods is normally used for defining an environment that generates the exireme direct action E= and Limnit State Wind Waves Current les Snow Earhquaks Sea Level
the Gulf of Mexico. igenerally alse the sxtreme action effect, caused by the combined exireme wind, wave and current conditions = = — =
2. Earthguake lead, where applicablz, should be imposed on the platform as a a) 100 year return pericd wave height (significant er individual) with associated wave period, wind and current 10 12 _ 0 - - - 12 _
separate environmental loading conditions. velocities; 107 107 10~ - - - 107
k) 100 year return pericd wave height and period combinad with the 100 year return period wind speed and the 100 Ultimate 107 107 1! 102 - - m
E wear retumn pericd current velocity, all determined by extrapolation of the individual paramaters considersd Limit Siate _
-} independently; - - - - 1~ m
= o) any reasonable combination of wave height and period, wind speed and current velocity that results in - - - - - 102 m
f-. - the global extreme environmental action on the structure with a return period of 100 years, or o 3 g v
= . - . . - 10 10 o - - - m
= = a relevant action effect (global response) of the structure (e.g. base shear or overturning moment) with a return _ _
E period of 100 years. 10~ 0 10 - - - m*
2 - . Accidental 107 1o e - - - m*
= Method a) has been used for Gulf of Mexico designs Limit State -
w b} has baen used in the Morth Sea and many other areas - - - 10 - - m
) is & more recent development, suitable whan a database of joint ocourrences of wind, waves and current _ — ~ ~ 10 e
is available.
m - Mean sea leve
150-18602 A.9.10.3.2.1: Typically a 1 year to 5 year winter storm is used as an cperating wind, wave and current m* - mean waier level, including the effect of possible storm surge
condition im the Gulf of Mexico. Seismic response analysis should be carried out for the most criical water level
M-002, Table 5 - Charateristic actions and action combinations
Temporary Conditions Normal Operations
Servicecabilit |Fatigue limit  |Uimate Accidental limit state Serviceability |Fatigue |Ulimate Accidental limit state
y limit state  [state limit state | Abnormal Damaged limit state limnit state |limit state Damaged
effect conditions Abnormal effect conditions
Fermanent actions EXFECTED WALUE
Wariable functiona SPECIFIED VALUE
Environmeantal Dependent |Expected Walue dependent on measures taken |Dependent on|Expected |Annua Annual probability  |Annual
actions on action history operational action probability | of exceadancs = 10]probability of
operational requiremenis |history of 4 exceedance =
requiremsants exceadance 102
=10~
Dieformation actions EXPECTED WALUE
Accidental actions Mot applicabla Dependent Mot applicable Annual probability Mot
on Measures of exceedance:10™ |  applicable
taksn
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3 STRUCTURAL STEEL AND CONNECTIONS DESIGN
3.1 Tubular Members

The main differences among APl WSD, API LRFD, I1SO, and NORSOK are illustrated in this
section. The comparison is also made through case studies presented in Section 11 herein.

a. Material Validity

ISO 19902 and NORSOK N-004 consider steel with yield strength of up to 500 MPa whereas in the
API codes this limit is 414MPa. It appears that API will adopt the 500 MPa limit on yield strength in
the future.

b. Axial Tension

API LRFD, I1SO and NORSOK formulations for axial tension, bending and hydrostatic pressure are
identical. The allowable axial tensile stress in APl WSD is naturally the lowest among all four codes
because it is based on WSD methodology employing actual operating or extreme loads without any
load factors (i.e. load factor = 1.0). The second lowest is given in NORSOK because it adopts a
material factor of 1.15 which is higher than the resistance factor of 1.05 in ISO (same as 1/0.95 in
APl LRFD).

c. Overall Column Buckling

The same level of axial compression capacity is provided in both the APl LRFD and the ISO. The
range of material factors in NORSOK is 1.15 — 1.45, which is dependent on elastic local buckling
strength and elastic hoop buckling strength.

d. Local Buckling

1. Local buckling check is based on only geometric parameters in APl WSD whereas in API
LRFD, ISO and NORSOK it depends on geometry and elastic modulus of members.

2. In local buckling equations, the API allows an upper limit of D/t ratio of up to 300 whereas ISO
and NORSOK limit D/t to a maximum of only 120 which means that NORSOK is significantly
more conservative. It should be remembered that NORSOK assumes that the platforms will be
manned during an extreme environmental event.

e. Bending

1. The bending stress equations in APl LRFD, ISO and NORSOK contain elastic section modulus,
plastic section modulus and yield strength whereas APl WSD equations only contain the yield
strength. This is because the WSD methodology limits the stress to a fraction of the yield
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whereas the LSD and LRFD approaches allow full plasticity in the section and therefore allow
the section to go beyond first yield.

2. The same level of bending capacity is provided in the APl LRFD as well as in the ISO. The
range of material factors in NORSOK is 1.15 — 1.45, which is dependent on elastic local
buckling strength and elastic hoop buckling strength. This is considerably higher than the
resistance factor of 1.05 (1/0.95 in APl LRFD) and therefore NORSOK is more conservative in
capacity evaluation.

f. Hydrostatic Pressure

1. Critical hoop buckling stress Fpc in APl WSD is different from the other three codes. In API
WSD, design formulae for critical hoop buckling strength are provided for four elastic stress
ranges. The equations in APl LRFD, ISO and NORSOK are identical. 1SO and NORSOK
provide three ranges of elastic hoop buckling strength for whereas APl LRFD has two such
ranges.

2. The formula for elastic hoop buckling strength is same in all four codes. However, in APl WSD
the elastic buckling coefficient C;, is provided for five ranges, whereas APl LRFD, I1SO and
NORSOK include four ranges for this parameter.

g. Shear

Shear stress factors in APl LRFD and ISO 19902 are same, whereas NORSOK specifies reduced
value due to the conservatism associated with the material factor as discussed earlier in this section.
The APl WSD allowable shear stress is much lower because it is to be compared with unfactored
operating or extreme (with the 1/3 allowable stress increase) load conditions.

h. Combined Loads without Hydrostatic Pressure
1) Axial Tension and Bending

1. The formulae in all four codes are different. APl LRFD adopts a cosine form equation. API
WSD and ISO use linear formulae.

i) Axial Compression and Bending

1. The formulae from all four codes are different. As in i) above, APl LRFD utilizes a cosine form
equation while API WSD and ISO use a linear form.

2. When axial compressive stress is small (fa/Fa <= 0.15), APl WSD provides an alternative
equation.

3. All four codes provide the same formulae for moment reduction factor C,.
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4. Effective Length Factor for Jacket brace buckling check exhibit differences as shown in

5. Table 3-2. NORSOK and ISO are same while API WSD and LRFD give slightly higher factor
for X-brace longer segment length (0.9 vs. 0.8) and main diagonals (0.8 vs. 0.7). Also AP1 WSD
and LRFD give effective length factors for deck truss web members.

i. Combined Loads with Hydrostatic Pressure
1) Axial Tension and Bending

1. APl WSD and LRFD provide the same formulae. However, the safety factor on resistance
provided in APl WSD is by definition higher than that in the APl LRFD (1.67-2.00 vs.
1/0.95=1.05 and 1/0.80 = 1.25).

2. Both ISO and NORSOK provide similar format. The only difference between these two codes is
that the partial resistance factor in ISO is 1.05 for combined tension and bending and the
material factor in NORSOK is in the range of 1.15 to 1.45.

3. There are two methods provided in NORSOK for design axial stress in tension and compression
respectively. In Method A, design axial stress excludes the effect of capped-end axial
compression arising from external hydrostatic pressure. In Method B, the calculated member
axial stress includes the effect of the hydrostatic capped-end axial stress.

i) Axial Compression and Bending

1. API LRFD has a cosine format equation. NORSOK provides two methods for the combined
stress formulae as noted in i) Axial Tension and Bending, item 3 above.

2. The basic formulae in ISO and NORSOK are identical.

3. As in i) Axial Tension and Bending, item 3 above, two methods A and B are provided in
NORSOK for design axial stress in tension and compression respectively excluding or including
the effect of capped-end axial compression arising from external hydrostatic pressure.

When the compressive stress combination is greater than half of hoop compressive stress, the
formulae in the four codes are identical.

Interaction formulae for shear plus bending moment and shear plus bending moment and torsional
moment are provided in NORSOK.
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3.2 Tubular Joints
As shown in Table 3-5 the following may be noted:

1. API LRFD requires that the connections at the ends of tension and compression members
develop the strength required by design loads, but not less than 50% of the effective strength of
the member. There is no validity range provided in the code.

2. Formulae for joint basic capacity are identical in the four codes, but the APl LRFD moment
capacity equation includes the numerical factor of 0.8 on d in equation for My;.

3. For strength check, cosine format is presented in APl LRFD. The formula is of the same format
in AP1 WSD, ISO and NORSOK. However, an additional formula is provided in ISO for critical
joints to ensure that the joint strength exceeds the brace member strength. This is a subject of
discussion in the ISO committee regarding the implication on design and the actual need for this
conservatism.

4. In I1SO and NORSOK, the strength factor Q, is identical. Different values are suggested in API
WSD and API LRFD.

5. Formulations for chord load factor Qs in APl WSD are very different from those in APl LRFD,
ISO and NORSOK. The same equation is used in APl LRFD, ISO and NORSOK, but the
coefficients “C” are different among the three codes.

3.3 Code Comparison Summary

The API RP 2A WSD, API RP 2A LRFD, ISO 19902 and NORSOK N-004 provisions for checking
the adequacy of tubular members are similar in that all four codes give formulations for each load
effect type acting alone and for all load effects acting in combination.

Table 3-1, Table 3-2, Table 3-3, and Table 3-4 summarize and compare the provisions of the four
codes. Many of the provisions shown are similar or equivalent across all four codes. For instance the
API LRFD, I1SO and NORSOK formulations for axial tension, bending and hydrostatic pressure are
identical. The most significant differences lie with axial compression, particularly with respect to
local buckling, and with some of the combined effect interaction equations.

The overall column buckling formula in API WSD uses the AISC formulation and differs from API
LRFD, ISO and NORSOK which are LSD or LRFD based. The API LRFD, ISO and NORSOK use
a similar formula but employ different coefficients. The same capacity is given by API LRFD and
ISO, while a lower capacity is given by NORSOK meaning that NORSOK is more conservative.
The local buckling strengths in APl WSD and APl LRFD are given by the same equations and,
when expressed as a proportion of the yield stress, is only a function of geometry parameters. The
local buckling strengths in 1ISO and NORSOK are given by the same equations and are noted as
being a function of material as well as geometric properties.
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The interaction formulae in AP1 WSD, ISO and NORSOK are linear combinations, whereas the API
LRFD used a cosine term in the interaction equation. The APl 2A LRFD code is currently
suspended and will be replaced by the API RP 2A 23" Edition which will use the 1SO 19902 as
basis similar to other API RP’s currently being produced. The original intention of publishing only
an API “wrapper” and attaching the ISO document to it has now been changed to reproducing the
ISO standard edited to incorporate GOM and US west Coast specific requirements.
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Table 3-1 Tubular Member Design Check -1
Tubular Members Code Provisions - TABLE 1
APl WSD AP| LRFD 1ISO NORSOK
Stress/ Stress/ Stress/ Stress/
Parameter Formulation Limits Parameter Formulation Limits Parameter Formulation Limits Parameter Formulation Limits
3.2.1 AXIAL TENSION D.2.1 AXIAL TENSION 13.2.2 AXIAL TENSION 6.3.2 AXIAL TENSION
F—_ = ':]EF!‘I f1 f1£ ¢|-F-. ¢|1 =095 0y '5[5; ft-ll'r'ql Tat = 1[]5. f— = T:I' NBE == N._ Rd — n':'l.f.’..f'r'u Tw =1.15
3.2.2 AXIAL COMPRESION D.2.2 AXIAL COMPRESION 13.2.3 AXIAL COMPRESION 6.3.3 AXIAL COMPRESION
f. o= é.Fen .= 0.85 T: T = TofRe tae = 1.18 MNeg= Mogs = Al ses below
=115 =05
Column Buckling Dit = 60 Column Buckling Colurmn Buckiing g = 0.85+0.600 05=x=10
=145 =10
Fa= (1-(KINS2C:0F, Klir=C, he = Goealfyffue) My + (Spzaf (ffne)
SI3=3(KITNBC)- (KT (8 C,")
Fon = (1-0.2507)F, hoe 20 fo = (1-0.278.7%)f =134 f. = (1- 02827, =134
F.= 12r°E/23(KUrf] Klir=C, Fyl? Bzt 0.9f,/" =134 09143 o= 1.24
Ce= (20°EIF,) "2 A = [Klirl(FE)"* A = (Klimn){f,/E)"™ i = Klimi(f/E)"*
fa in above eqn is given by
Fyin ahove eqn is lesser of Fyin above eqn is lesser Fye In above eqn is given by lesser of expressions
Fue. Py OT Fy of Fye, Fyp, OF Fy lesser of expressions below below
Local Buckiing Local Buckling Local Buckiing Local Buckling
Elastic Local Buckling Stress Elastic Local Buckling Strass fe=1, e =017 fu=1, Tffue =017
Fee = 2CEVD, C=0.3 60= D/t =300, t== 6 mm Fue = 2C,E(VD), C,=0.3 Dt = 300; fye = (1.047 - D 274005200, 017 = fffe T = (1.047 - 02740 047 = ffige = 1.911
foy = Tue flfue = 1.911
Inelastic Local Buckling Siress Inelastic Local Buckling Stress fe = 2C,EUD C,=03 fue = 2C.EUD C.=03
Fue = Rl1 B4-023DR) =F,.  B0< DMt =300 t== 6 mm Fee = Fyl1 654-0.23(D)"™ Dit =60
Fue=Fy far (Dit) = 60 Fe.=Fy Dt =60
3.2.3 BENDING D.2.3 BENDING 13.2.4 BENDING 6.3.4 BENDING
T = tpFpn iy - 0.95 T = M == Tolvee Tap- 1.05 Meg= Mag = TrWiv see ahove for v,
F,= 0.75F, Dt = 10340/F, (SI Units) Fon = (Z/S)F, Dit = 10340/F, (F, in MPa) fo = (ZJZF, f,DIEt = 0.0517 fm = (ZW)F, f,D/Et = 0.0517
Fp = [0.84-1.74F,DVEF, 10340VF, = Dt = 20680/F, Fon = [1.13-288FR,DVEL(Z/S)F,  10240/F, = Dvt = 20680/F, » = [113-288FR,DVEN( 22 )F,  0.0917 = {,D/Et = 0.1034 = [1.13-2.58F, DVERIZWIF,  0.0517 < fDVEt=0.1034
Fy = [0.72-0.58F,D/EAF, 20680/F,= Dit <300 For = [0.94-0.76F,DIEQ(Z/S)F, 20680/F,< Dit = 300 T, = [0.94-0.76F, VEN)(Z/Z,)F,  0.1034={D/Et = 120f/E fn = [0.94-0.76F, D/ETZWIF,  0.1034= fDVEt = 1200/
Z: plastic section modulus Z. = miBA[DA-(D-2t YD) W= (m32)[DF-{D-28°1D
5 elastic section modulus Z,= [D*- (D-2t)°)6 Z= [D°-{D-21)°)6
3.2.4 SHEAR [.2.4 SHEAR 13.2.5 SHEAR 6.3.5 SHEAR
Beam Shear |IBeam Shear [B=am Shear i Beam Shear i
F,=0.4F, f, f,=é,F f,=2via  ¢,=085 T = DA =T v, f,= f,_,n'3°*" Yre=1.05 Wag= Wy = D.E.&fg{SE “faad =115
Fun = Fun = fy/3"°
Torsional Shear Torsional Shear Torsional Shear Taorsional Shear
F.i= 0.4F, fie fie = tFuin fie = MDI2L, T = MuDV2lp = ffyry i, =f3""  ym=105 Mrza= 21503 ) =115
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Table 3-2 Effective Length Factor
APIWSD / API LRFD ISO 19902 NORSOK
3.3.1.d Member Slenderness / D.ifgﬂ?landarnaw Ratio and Reduction 13.5 Effective lenghts and moment reduction factors 6.3.8.2 Axial compression and bending
Situati Effective Length Reduction Factor
uation Factor K Con Structural component K C,, Structural element k C,,
Superstruciure Legs Topside Legs Superstucture Legs
Braced 1.0 a Braced 1.0 a Braced 1 a
Partal K a Fartal K a Portal K a
Jacket legs and piling Structure legs and piling Jackst legs and piling
Grouted Compaosite Section 1.0 C Grouted Composite Section 1.0 Grouted Composite Section 1
Ungrouted Jacket Legs 1.0 C Ungrouted Jacket Legs 1.0 Ungrouted Jacket Legs 1
Ungrouted Filing Betweaan Shim 10 b Ungrouted Filing Batween Shim Ungrouted Filing Between Shim
Foints ' Foints 1.0 ] Foints 1 ]
Deck Truss Web Members Structure brace members Jackst braces
In-Flane Action 0a b Frimary diagonals and honizontals 0.7 borc Primary diagonals and horizontals 0.7 borc
Out-of-plane Action 1.0 aorh K-Braces 0.7 borc K-Braces 07 C
¥-hraces Longer segments of X-braces 0.3 C
Jacket Braces Longer segment length 0.3 baorc
Face-to-face length of Main o .
Diagonals 0a haorec Full length 07 bor Secondary horizontals 07 C
Face of leg to Centerline of Joint 0.e c
Length of K Braces =
Secondary horizontals 07 borc
Longer Segment Length of:
X Braces 0g C
Secondary Horizontals 07 C
Deck Truss Chord Members 1.0 a borc
a 085 a 0a5 a 085

b 0.6-04 (MJ/M,), but not less than 0.4, nor more than 0.25
¢ 1-04{f/F), or0.85, whicheveris less

K Use Effective Length Alingment Chart in Commentary of AISC

I 0.6-04{MyM,), but shall not be larger than 0.85
c  1-04{c /), or 0.85, whichever is less

I¥. See Effective Length Alingment Chart

b 0.6-0.4 (MM

c1-04{Mzy™,), or 0.85, whichever is less

k Use Effective Length Alingment in Clause 12
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COMPARISON - TABLE 2

Table 3-3 Tubular Member Design Check (Contd.)

DY

C, = 0.44tD + 0.21(Dity v

Cp, = 0.736/(M-0.536)
Cp, = 0.755/(M-0.559)
Ch,=08

M = LiD (2D#)"

0.82504 = M = 1.601
3.5 =M =0.8250
15=M=35
M=15

C,, = 0.444D + 0.21(DAyN"

Cp = 0.737/(M-0.579)
C,=08

M = LiD (20)"

0.825001 = M = 1,604
1.5=M=02825D"
M=15

0.825DM = n = 1,600
1.5 = p=082501
pu=15

C, = 04440 + 0.21(DAy 1’
C, = 0.737u-0.579)
C,=0a8

u=LID (2D#)"™

C, = 0.44tD + 0.21(DAtYI"
C, = 0.737/{u - 0.579)
Ch=08

w=L/D2om"

API WSD API LRFD IS0 NORSOK
Stress/ Stress/ Stress/ Stress!
Parameter Formulation Limits Parameter Formulation Limits Parameter Formulation Limits Parameter Formulation Limits
3.2.5.b Hoop Buckling D.2.5.2 Hoop Buckling 13.2.6.2 Hoop Buckling 6.3.6.1 Hoop Buckling

fy = pOV2t = Fro/SFy fr, = pDV2t = dpFpe iy, = 0.80 on = pOi2t = ey trn =125 Opsd = DV 2t = frmg = Toivia T™, See Table 1
Fre = Fre Fre = 0.55F, Fre = G.?FT(F.,EIF\,.]M =F, Fre = 0.55F, Fo=Fy 244F =F, fo=1, 244F, < Fp,
Fre = 0.45F, + 0.18F, 0.55F, = Fn. = 1.6F, Fre = Fre Fre = D.55F, Fn= 0.7F{Fra F,}“"‘ 0.55F, = Fr. = 2.44F, fn = D.Tfy(f.,e."fyj:m 0.55F, = Fr. = 2.44F,
Fre = 1.31F {115 + F/Fye) 0.55F, = Fy,, < 1.6F, Fo=Fre Fre = 0.55F, = foe Fpe < 0.55F,
Fre = Fy 6.2Fy < Fre

Fre = 2C,E4D Fre = 2C,EHD Fre = 2CEHD fre = 2CHEHD
Gy, = 04400 16Dt =M Cp, = 04400 1600 =M C,= 04400 1.6DM = Cp, = 044D 16D =p

0.82500 = n = 1.600
1.5 =p=0.682504
pu=15

ar

3.3.2 TENSION and BENDING

TH(0.6Fy) + (foe” + foy) “IFy < 1.0

3.3.1 COMPRESSSION and BENDING

1/F5 + Crllo’ + ) (11 )F) < 1.0

T3 + {{Comsfo (1Tl P I Gy 2/ 1-FalF 12 1Py = 1.0

1-cOS[A2)RSF)] + oy +foe” T hoFon < 1

TP o) + {[Cmy o (1T (0o F g N+ [Cofi 1A (0 F o Y 18 F oy < 1.0

and

[.3.1 TENSION and BENDING

e = gy = 0.95

D.3.2 COMPRESSSION and BENDING

1-COSIR2) e/ (deFucl] + oy e 1 OrFom) = 1

13.3.2 TENSION and BENDING

Cyreoyfi + ‘.-'Hn':Uby'z’“Fnzz]“E”: =10 tre=1.03, Yrp = 1.05
f[ = f\."

13.3.3 COMPRESSSION and BENDING

TreOelle * Vap/FolIC my Gy (1-0 oy ¥ [Crid (1-0/1 1 < 1.0
and )
YreTofye +‘."HI:-':‘3I:@2 = EF:22:'I: Mfh=1.0

6.3.8.1 TENSION and BENDING

(NaoMNga) ™+ (Myzs” M) “MMag = 1.0

6.3.8.2 COMPRESSSION and BENDING

Neg/Namg + 1MagllCom Myl (1-NagNg P+ [CraMasy(1-N s N 75 < 1.0

and o
NeoMNeas + (Myss” +Mese ) “Meg = 1.0
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f(0.6Fy, + (" + Ty, )"y < 1.0 Fo < hFu B, =0.85 §, =095 foy = TEAKLJNE for = PEAKLIN® MNegg = falg Ne, = ZEAKIA]® N, = T EA/KIL?
K and Cr, from Section 3.3.1.d k and Cr, from Table 6-2
folFs + (e’ + foy") IFp < 1.0 for f/F, = 0.15 only vee= 118 7y =1.05
6.3.8.3 SHEAR and BENDING
MagMag = (1.4 - VegWag)™ WaglVrg = 0.4
Mag/Mzg = 1.0 VaglVrg < 0.4
6.3.8.4 SHEAR, BENDING and TORSION
MsgMagarg < (1.4 - Vg Vg™ VogVia = 0.4
Msg/Mseara = 1.0 VealVra < 0.4
Meeams = Winmed e Treg = Mg/ (2nR%)
T = Tl 1-3(Trsaf) T fa =Ty
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Table 3-4 Tubular Member Design Check (Contd.)

COMPARISON - TABELE 3

APIWSD APl LRFD IS0 NORSOK
Stress/ Stress/ Stress/ Stress!
Parameter Formulation Parameter Formulation Parameter Farmulation Parameter Formulation
333 TENSION, BENDING AND HYDROSTATIC PRESSURE D0.3.3 TENSION, BEMDING AND HYDROSTATIC PRESSURE 13.4.2 TENSION, BENDING AND HYDROSTATIC PRESSURE 6.3.9.1 TENSION, BEMDING AND HYDROSTATIC PRESSURE
Method A {g,g4 in tension)
i+ Bi+ 2vIAIR €10 &%+ 5%+ 2vlAIB < 1.0 TasTeclfin + Vra(Goy +0pz ) fign S 1.0 If Gazq 2 Tz (net axial tension condition)
(Fase - TosalFinpa * (Gmyse *Omase | Mimeme S 1.0
& = [if, + fy, - 0.5F.0F,15F, A=+ fy - D5RJHF,, fm = £,[{1+0.02B%-87" - 0.35] finpa = il 1+0.0285B % - 0.3B)
5 = [fy/FrdSFy 5 = fy/{8pFhe) for = ful{1+0.088%-8""% - 0.35) frnme = Tefrl(1+0.088%5™ - 0.38]
v =0.3 v=03 B = y50/Fp B=1.0 T = see Table 1
SF, = Axial Tension Safety Factor (see below) n=5-4F,/F, =35 - 4ipi, 1) =5 - 4,
SF, = Hoop Compression Safety Factor (s2e below) Gy =0.85 Y5 = Yan = 1.05 B = opgefemn E=10
Leoding &= 0.80 If Gagy = Gozq (et axial compression condition)
Dusian Condizen . Baneding _E?J;-‘ c-]:; I0a84 - Gosdlara + (g +Omzsd | fmnna S 1.0
L Whae detesealow. 1487 F ™ LOTwiIl IO fema = Fafi

abike sma e wonld ba

when Gesg = 0.5 frafye and foe = 0.5fhe, the following eqn should be satisfied,
bt e (Tege - 0. 5fral i WFae s - 0.5Fheva) + [Tpza/(Frelil]” = 1.0

e Tege = Opegs 0580 - Tasd

z 2,05,

I Vbasdeoetid 13 FANE 135wli 15 Grmsg = (Mzss™ + Mg 1 /W

[

sresces b Jppromiion,

:‘,f_:‘:‘,t"?_‘:: Methad B {Gaczq is in tension)
fonde Gacsalfinma + ':Um_.s,:}""-"r:sazzcs-"f—-rﬁu =1.0
3.3.4 COMPRESSION, BENDING AND HYDROSTATIC D.3.4 COMPRESSION, BENDING AND HYDROSTATIC PRESSURE 13.4.3 COMPRESSION, BENDING AND HYDROSTATIC PRESSURE £.2.9.2 COMPRESSION, BENDING AND HYDROSTATIC PRESSURE
PRESSURE
Method A [T,z is in compression)
[if: + 0.5 VFL]SF, + f/F,(SF) < 1.0 f = pOV2t S 6Fe TrcTzelfye + valOry” + Ore 1fen < 1.0 SuzeFomn + UnnmedlConyOryae 1-Tazafey I 7 [CreTaese{1-0aseFe) 15 210
and and
[fFn]SFy S 1.0 Fre = 07F,(Fpem) s F, Fpe > 0.55F, TreT 2o + et Funl[CimyTayl 1-Tolfey I~ [Croauel(1-52 11 5 1.0 [Case + Gagalifuma * (Smysd *mase ) Mpae S 1.0
Fre = Fre Fpe £ D.55F,

¥, > 0.5Fpe. then and fun = OB6L01.0-0.278k7) - 2o, + [(1.0-0.27807)7 = 1.120°07,0"5 fop = TEMKIS

FullFen) # {ICmyfad 1-F (8 F )+ [Cmafed 158 F T V(e £ 1.0 for & < 1.34[(1-257,0 71 fonng = 05(FalallE - 20asaffe + (57 + 1,120 0,24707 7
[fy~ 0.5F o Fag-0.5Fpa) + (fuFral = 1.0 and fon = 0B for b= 1.24[1-20,8,.7 1 for b = 1.34[{1-20 400} ™
Fra = Fre I5F: 1-CoS (W2 BFac] + Foy e 1 (0uFam < 1 fonrs = 0.9F4/03 ) for & 2 1.34[(1-20z4%) T
Faa = Fue/5F, and If &y »0.5fhef Ve @and feeltpe = 0.5%ufap, the following eqn shall also be satisfied: A= kl."-:rri:{f:,-'E]":
e = Ty + fp + 0.5f: f, should reflect the maximum comprassive  |f. < §.F when Tugg = 0.5 foaly @nd fue = 0.5f. the following egn should be satisfied,
siress combination (Tx-0. 5fnafyrn ) (fealvre- 0. 5fnafrar) + t'.-nr::n-‘r-.e:-: 1.0 (Tesa - 0. 5frel W Tasfva - O.5fneivu) + [:J'uSa-'I:'-r-e-"-'M:l]z =1.0

if fy = 0.5 &, Fpa. then Gegs = Opegs $0q5g + Tase

(0. 5P V{8 a0 50 Fned + [l (BnF el = 1.0 tan =125  7m.=1.18

fy = . + T, + 0.5f, Method B (Taesg in Comprassion)

b, = 0.85 6. 0.85 e =10.80 {8) (Tacne = Tgea)

) ) . . . R e S ¥ T3
(Tacar Tose) Tonma t 1enmallCryTmyas(1-(CacneTamal e, l]” [ComeTmesa/( 1-(CacgGesaife)] ) = 1.0
and

2 205, )
TaczelTopa + (CTmys t0mesa 1 Trnme = 1.0

when g5y = 0.5 foufyy and fae = 0.5f, the following eqn should be satisfied,
(Tege - 0. 5feal i WFaeas - 0-5fpevad + [Opza/Frefil]” = 1.0
Tese = Opsd ¥ Tacse
O = (Masg” + Meg ) S0
(B} (Tans = Goga)
2 10z )
Gacso'fond + (Cmysd +0mesd ) fmnme = 1.0
when T.gy = 0.5 foufre and fae = 0.5f . the following egn should be satisfied,
(Tege - 0. 5feal i WFaeas - 0-5fneud + [Tpza/(Frelil]” = 1.0
Teme = Crsg _ T )
Gz = (Mass” + Mysa )W
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Table 3-5 Tubular Joint Check

APIWSD API LRFD ISO 19902 NORSOHK N-004
4.3.1 Validity Range E.1 CONNECTIONS OF TENSION AND COMPRESSION MEMEERS [14.2.1 Validity Range 6.4.3.1 Validity Range
D2=2p=s10 lresin{8)J 11+ 1 S/R](F,u/F,) £ 1.0 025p<10 022p<10
10y =50 10=y<50 10<y=50
W =e=a0° E.3 TUBULAR JOINTS an"seson” =g =a0°
F, = 72 ksi (500 MFa) f, = 500 Nimm* @/ = -0.8 (far K jaints)
g/D = -0.8 {for K joints) Ultimate Capacity gT = -1.2y (for K joints) Fy = 72 ksi (500 MPa)
Py = F,T 0, Qysin(8)
4.3.2 Basic Capacity My = =-_,T2|::I.E:I:|Qul!2.\-'5in[5] 14.3.2 Basic Joint Strength 5.4.3.2 Basic Resistance
Fa = Q0F T YFSsing) Py = Q0 T(sing) Mpa = Q@ 04, T(1,sing)
M, = 2,0, T d/(FS=ing) My, = 2,24, T di(sing) May = QuQf, T dliy,sing]
(plus 1/2 increase in both cases whers applicable) Strength Check Tw=1.18
FS=1.60 Pp < 8P
Mp = by 14.2.6 Strength Check 5.4.3.6 Strength Check
4.3.6 Strength Check 1-cos[m2(PofPy) + [MaldM b + (MMl T = 1.0 Uy = IPS/Pl + (MMl + IMa/M e = 1.0 far all joints MasMag + (MM mgl” + MoseMpmg = 1
¢ = 0.85 except for tension loaded ¥, T and X joinis when ¢, = 0.80 U= 1PzF4l + n:I'n.-'Ig.'M,:lbt: + IMgMlgpe = Uiy for critical joints

Uy = the utilization of brace at the end adjoining the joint, which may
concervatively be taken as the maximum utilization along the bracs
or even more consenvatively as unity

¥y = 1.17 nomally. may be relaxed to a value within the range 1.0-
1.17 if this can be justified by designer, giving a total resistance
factor between 1.05 and 1.22

IR = IFIPl + (MM e + IM 0= 1.0 Pe=Puia
Mg = Mylg Tm = 1.05
4.3.3 Strength Factor G, Walues for @, Values for O, Walues for )
Axia Al Al Axial Axial Axial
Brace Load Joint Tension  |[Compr. IFB COPB Joint  |Tension Compression IPB COFPB Joint | Tension Compression IPB COPB
Joint [Axial Tension Axial Compr. IFE OPB K [3.4+10p)0, (3.4+100) [(z.4+105)2, K [es1epaTa, (1.9+18E)2, ",  [#5By 227 K (181002 -y (1e+10p)e e, [256 3T
PRSI - Y 2o 1omn =
K :f: 5'3 5:;.2;: e s D " aoe (1.9+198)0,"° 4 Epy" 3.2y P R (1.e+10p)2"* 4.5°° (320
T [208 2 8+20+08y)p"F » .. | Sross Joint Wid [(3.4+18p) [(2.4=1981Q, ¥ [FPEferE=0E - ¥ [FEEferfe=0d ]
but = 2.3—3'35-'5 [5+0.7Y)R  [2.5+(4.5+0.27)p" diaphragms 20.7+(B-0.2){17y-220) [2.8+(12+0.17)8]1Qp ;_5|=-|.|:-5 E_:_\-.._.'.:' 2 29+{B-0.8)(17y-220) for |2.8+145Q, 4.53?3: 3 9,083
for G=0 9 G=08
X |23 forB =02 [2.8+(1.2+0.17)8] @p Cross Joint W (3.4+150)
20.7+(B-0.8)(17y-220) for =08 diaphragms
Q= 0.3/[B(1-0.833F]] for G = 0.8 Qp=0.306({1-0.833¢)] forf>086 Q= 0.2[p(1-0.8335)) forf=08 Qy=0.2p(1-0.8335)) for8>=08
Q=10 for @ =0.5 Qp=1.0 forg =08 Qa=1.0 for@=0.5 Q=10 for @ = 0.5
@, = 1+0.2[1-2.5g/0)* far g/D = 008 Q=1.8-0.1g/T fory=20 Q,=1.6-07v g™ forgT 220, but @ 21.0 Q,=18- o)™ forgT 220, but Qa2 1.0
out Qg = 1.0 Q=1.8-4g'D for y =20 for-2.0 < giT < +2.0. the gap factor & ; may be found by linear interpolation. but 1.0
@, =0.13+0.656"F for g/D = -0.05 where § = 1F,,/(Tf,) but @g 2 1.0 @, = 0.13+0.85¢"F for giT =-2.0 @, = 0.13+0.8567"* for g'T £-2.0
where § = tf,/(TF,) where & = H/(TF,)
4.3.4 Chord Load Factor Gy Qp = 1.0- A2 @y = 1.0- hgs* @y = 1.0- AA°
2y =[1+C -|::SPe-'F'-‘,]—C;(:SF.."IW'M;]-E;P.:] k.= [1.020 for brace axial strass L = 0.030 for brace axial stress % = 0.030 for brace axial stress
A= [[FEF'-:-"F';-:'2 * '::-3“:-"“&'2]15 0.045 for brace |IPB stress 0.045 for brace |PB stress 0.045 for brace IPB stress
whera 1/3 increass applicable, F5=1.20 0.021 for brace OPB stress - 0.021 for brace OFE stress ) 0.021 for brace OFB siress
Aa = [C4(Pe/Py +Ca(MMpon +CoMeMoloss T Tas A% = CylGaselly)” * CalOmysa’ + Tmase ¥1.627,]
Walue for ©y, Cp Cy A= e + foo + fopn) Ryl Ypg= 1.05
Jaint Type Cy Ca C3 iy = 0.88 Values for the coefficient Cy and C5 Walues for Cand C;
. joints under brace axal loading [ 0z 0.3 Joint Type Cy Ca Joint Type G4 Ca
T joints under brace axial leading o 0.8 Set Oy = 1.0 when all extreme fikre stresses in the chord are tensils forces 25 11 T joints under brace axial forces 25 11
 join. under brace axial loading §20.9 0.2 0 0.5 ¥ joints for calculating sirength against brace axia 20 22 ¥ joints under brace axial forces 20 22
g=1.0 -0.2 0 0.2 k. joints for calculating sirength against brace axia 14 43 ¥ joints under balanced brace axial forces 20 22
All joints under brace moment loading 2 0 0.4 Al Joints for calculating strength against brace moments| 25 432 Al Joints under brace moments 25 30
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DY

APIWSD

API LRFD

1SO 19902

NORSOK N-004

3.4.1.c Unstiffened Cone-cylinder Junctions
1. Longitudinal Stress

£ =[0.6t (Ot + Dt )"5(F, + f,) tana it

2. Hoop Stress

£, = 0.45 (D)™ (f, + f.) tana

fi =0EF,

f's05F,,

Foc = Fre

Foe = |:|.4E-F:|, +0.18F,,

Fae = LITF{1.15 + FiFq.)
Foe = F:.'

Fre < 0.55F,
0.55F, < F,, = 1.6F,
0.55F, = Fy, = 1.6F,

8.2F, < Fpe

Foe = 0.4 EXD

[.4.1.3 Unstiffened Cone-Cylinder Junctions

1. Longitudinal Stress

i, = [0.6t (Dt + Dt_P5(f, + 7,) tanait,”

2. Hoop Stress

£, = 0.45 (D)™ if, + ) tano
£ = F,

f'=d, F,.

Fre = Fre
F.. = 0L.7F,F.JF 4= F,

Foe =04 ED

F. = 0.55F,
F.e = 0.55F,

13.6 Conical transitions

o= 30 deg

13.6.2.1 Equivalent axial stress

Camg = (Tac + TpclCOS O

Gae = P/[mD; - t. cos at]
Ty = 4MLMD, - 1, cos )]

13.6.2.2.2 Bending stress

Oy = (0.6t [OyE + L)°° (o + o) tan ajit?
Gie = {06t [Dyft + L) (0 + Gg) tan eiit.”

13.6.2.2.3 Hoop stresses

Gt = 0.45 (D) (54 + Gy) tan o

Gr,c = 0.45 (D)= [t} (G4 + Gye) tan o

13.6.3.2 Strength requirements without hydrostatic pressure

13.6.3.2 Local buckling

Ty ee = (f, 75

13.6.3.3 Junction yielding

if Ty 15 tENSilE:

[Ora” + () - GOmaa]™* < f,f e

Omay = Tt + Oy + Ty
Cmay = (Tae + T NCO2 O + Ty

13.6.3.4 Junction buckling
if Tray 15 tENSIlE:
A%+ BT+ 2vAB =10

A= 'jr&'rf:f
B = Ya.0fy

if Ty 12 COMEBressive:

[c'rr'ax: - [':-_'_]: = Gllc'maxl]c : = r:.-'I'I"ﬁ'.

for tubular side of the
for cone gide of the junction

if Ty 12 COMEBressive:

Tenaw = TofYan
Ty = falfan

13.6.4 Strength requirements with external hydrostatic pressure

13.6.4.1 Hoop buckling

Similar to member design (Sec. 13.4), substituting:

0 == D, =D"cos o
T, == @, OF T, T, 0r T,

[V - diameter at the larger end of the cone
{as appropriate)

6.5 Strength of conical transitions

6.5.2.1 Equivalent design axial stress in the cone design
Tagquae = (Tasza + TmezalfC0S O

Gacza = Mag / [0, - t- cos o ]
Omezg = Mao[0.257(0, - t. cos a)'t.]

6.5.2.2 Local bending stress at unstiffened junctions

Cpza = 0.6t [0 0t + tc:']:"s'_ [(Gatg + Grsza V] tan o
Gmicze = 0B [D, {t + 01 [(Gaiga = Gruzalftc’] tan &

6.5.2.3 Hoop stress at unstiffened junctions

ez = 0.45 (DY) (Dasne + Ooza) tan o

6.5.3 Strength requirements without external hydrostatic pressure
6.5.3.1 Loecal buckling under axial compression

- | Y T, .- local buckling strength of conical transition

foe =1, flfee = 017

oo = (1.047 - 02741, )1, 0T = fffe = 1.911

Toc =Toe f-,n'f.;,_.:-- 1.911

fre = 2C.ELD, C=03 0. =D lcosa

6.5.3.2 Junction yielding

if Tingeq 15 tensile: if Gensne I3 COMPressive:

2 2 O g
(Tiotza” * Orez - TocacTimaal = Ty

Ciotag = Tatza ¥ Tmtza ¥ Omitza
Giotag = (Tacsa + Omcpal/C0S O + Gjcag

6.5.3.3 Junction buckling

if Tingeq 15 tensile: if Gensne I3 COMPressive:

'+ =+ 2vab=10
8 = Ty Tuorza'ly

b = 1y Tncaclhy

Tiataa = Topffu

Theza = Tl

6.5.4 Strength requirements with external hydrostatic pressure

6.5.4.1 Hoop buckling

ic'qu.au - 'juau]'lrc 51 {Gr_nau‘ - 'jrza:l‘]'lrmr'ﬁc =10

2 2 08 . ¢
(Tiaizs * Treza + TpezalTeall =110,
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DY

13.6.4.2 Junction yielding and buckling
Oy =0+ T,

if @ is tensile:

[Ors” + Oy - ToyTimael” < Flme

[Oras” #+ (Gl - Tyl Tmal* = Fvme

if o, iz compressive:

AT+ BT+ 2vAB =10
A=y G,-“."f_.
B = Tan0Ty

Tmax = Tl far
Oy = Tnfar

, for tensile o

, for compresive Gray

, for tensile o

, for compresive Gray

IG::uS:'UuGu] 'Iru:'.Ru * lﬁﬁﬁﬂu{[cmﬂm;‘: :\‘r“":c'ac: :'Gqu}-'lfz_.]]: *

+ [CraTmzad!( 14 Tacsa—Trza Wz ] ::'E

6.5.4.2 Junction yielding and buckling
Orjza = Tneza + Tnza

if Gy ia tensile:

(Tiotza” + Orjaa” - OnezeTiotaa)” = Tl
(Tiotza” + Ur|3:|: + Gread Tioaal 5 = ffha

if Gopns I2 COMPpressive:

g +b™+2vab=10
8 = Ty Tuorza'ly
b = fuGnzafs

Ciotzg = foyfee @A Grza = Tl

f=1.0

, for tensile e

, for compressive Sz

, for tensile e

, for compressive Sz
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4 FATIGUE

4.1 General

This section compares the fatigue requirements given in the three codes. The comparison addresses
both simplified and detailed fatigue methodologies and associated fatigue criteria. The ISO does not
give requirements for simplified fatigue because it mandates detailed fatigue for all structures. Only
API WSD and NORSOK are compared in this case, Table 4-2 at end of this section.

The detailed fatigue requirements in API, ISO, and NORSOK are compared in Table 4-3.

It should be stated that DNV has published several state-of-the-art documents on fatigue that are
instructive and provide supporting and more detailed methodology for fatigue assessment of
offshore structures, see References 24 to 26.

4.2 Code Validity

APl RP 2A mainly focuses on the fixed structure. Its fatigue assessment is based on the assumption
that the connection has full-penetration single or double sided welding.

Basic WJ and CJ curves in API are based on steels with yield strength less than 72 ksi (500 MPa).

ISO 19902 and 19904 are applicable to the fatigue design of new structures as well as the fatigue
assessment of existing structures. The fatigue assessment in ISO 19902 is based on the same
assumption as APl RP 2A and mainly gives guidance for fixed structures. 1SO 19904 provides
general guidance for plated structures and detailed analysis methods and procedures refer to
Recognized Classification Society (RCS) rules, such as ABS, DNV etc..

In ISO, representative S-N curves for tubular joints (TJ), cast joints (CJ) and other joints (OJ) are
based on steels with a yield strength less than 500 MPa.

NORSOK refers to DNV fatigue codes directly. Experience gained by DNV over the more than 60
years of offshore operation assessing the performance of both new and existing structures with
respect to fatigue susceptibility has been incorporated in its most recent recommended practice RP-
C203 (April 2010). Another RP-C206 (April 2007) gives guidance on “Fatigue Methodology of
Offshore Ships” applicable to ship-shaped offshore units.

DNV-RP-C203 is valid for steel materials in air with yield strength less than 960 MPa. For steel
materials in seawater with cathodic protection or steel with free corrosion the RP is valid up to 550
MPa. It may be used for stainless steel.

DNV-RP-C203 is valid for material temperatures of up to 100°C. For higher temperatures the
fatigue resistance data may be modified with a reduction factor.

Finite element analysis and hot spot stress methodology is important for plated structures and this is
included in DNV-RP-C203 but not in ISO 19902/19904 and hardly in API-RP2A.
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4.3 Fatigue Parameter

4.3.1 Loading

APl RP 2A recommends that steepness between 1:20 to 1:25 is generally used for the Gulf of
Mexico and a minimum height equal one foot and a maximum height equal to the design wave
height should be used.

ISO recommends that steepness between 1:20 to 1:25 is generally used and a wave height equal to
the wave height with a one year return period should be normally be used as a maximum.

NORSOK states that the wave periods shall be determined based on a wave steepness of 1:20 in lack
of site specific data.

Both ISO and NORSOK require that the partial action factors shall be taken as 1.0 and resistance
factor shall also be taken as 1.0.

Hot spot stress formula for tubular joints in APl and ISO are identical. For other than tubular joints,
API RP 2A refers to ANSI/AWS D.1.1 for details.

4.3.2 Stress Concentration Factor

The Efthymiou’s equations are used in all three codes. SCF formulas for T/Y joints in all three
codes are identical for T- and Y-joints at crown positions for long chord members where DNV-RP-
C203 is improved. This is considered to reduce engineering work and improve the reliability of
fatigue analysis.

All three codes give the same SCF formulas for X joints under the conditions of balanced axial load,
in-plane bending and balanced out-of plane bending. DNV-RP-C203 gives additional two sets of
formulas for axial load in one brace only and out-of-plane bending on one brace only.

For K-joints and KT-joints, all three codes provide the same formulas for the conditions of balanced
axial load, unbalanced in-plane bending and unbalanced out-of plane bending. DNV-RP-C203 also
gives additional three sets of formulas for axial load in one brace only, in-plane bending on one
brace only and out-of-plane bending on one brace only.

4.3.3 S-N Curve

Fatigue analysis may be based on different methodologies depending on what is found most
efficient for the considered structural detail. It is important that stresses are calculated in agreement
with the definition of the stresses to be used together with a particular S-N curve. DNV-RP-C203
gives the three different concepts of S-N curves:

1. Nominal stress S-N curve: Normal stress is a stress in a component that can be derived by
classical theory such as beam theory. In a simple plate specimen with an attachment, the nominal
stress is simply the membrane stress that is used for plotting of the S-N data from the fatigue
testing.

DNV Reg. No.: EP034373-2011-01
Revision No.: 1

Date :2012-01-12 Page 47



DET NORSKE VERITAS

BOEMRE TA&R No. 677 _
FINAL REPORT ON COMPARISON OF API, ISO, AND NORSOK OFFSHORE STRUCTURAL STANDARDS DN

2. Hot spot stress S-N curve for plated structures and tubular joints: Hot spot stress is the geometric
stress created by the considered detail.

3. Notch stress S-N curve: It can be used together with finite element analysis where local notch is
modeled by an equivalent radius. This approach can be used only in special cases where it is
found difficult to reliably assess the fatigue life using other methods.

S-N curves in all three codes are valid for high cycle fatigue. APl RP 2A only gives two S-N curves
for two joint classes (WJ for tubular joints and CJ for cast joints) and there is nothing for plated
structures.

Except S-N curve for tubular joints and cast joints which are identical to API, 1ISO provides
additional eight S-N curves for the other connection details.

In DNV-RP-C203, all tubular joints are assumed to be class T. Other types of joint, including tube
to plate, fall in one of 14 classes depending on:

e The geometrical arrangement of the detail

e The directional of the fluctuating stress relative to the detail

e The method of fabrication and inspection of the detail
DNV-RP-C203 also gives some guidance on assessment of a design S-N curve based on a limited
number of test data. Finite element analysis and hot spot stress methodology is important for plated

structures. Only DNV-RP-C203 provides the guidance for the calculation of hot spot stress by finite
element analysis.

When the thickness effects are considered, the reference material thickness is the same (16 mm) in
API and ISO. In API-RP-2A, the reference thickness is 25 mm for welded connections other than
tubular joints; 25 mm for tubular joints and bolts.

4.3.4 Design Fatigue Factors (DFF’s)

As shown in Table 4-1 and Table 4-3, NORSOK recommends DFF’s varying from 1, 2, 3, and 10
whereas APl DFF are 2, 5, and 10 only. NORSOK has DFF ranges for below and above splash
zone while API does not make this distinction. NORSOK considers all structural joints deeper 150m
to be inaccessible for inspection.
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Table 4-1 NORSOK N-004 Design Fatigue Factors
Table 8-1 Design fatigue factors

Classification of Access for inspection and repair
structural components N0 access or Accessible

bas‘fd on damage in the splash | Below splash Above
consequence Z0ne zone splash zone
Substantial consequences 10 3 2
Without substantial 3 2

consequences

“Substantial consequences™ in this context means that failure of the joint will entail
danger of loss of human life;

significant pollution;

major financial consequences.

4.3.5 Fatigue Damage Accumulation

All three design codes suggest that the fatigue life may be calculated based on S-N fatigue approach
under the assumption of linear cumulative damage (Palmgren-Miner rule). Even though the
cumulative fatigue damage passing criteria looks different, but the basic principle is all the same.
Only difference is that where the design safety factor (DFF) is introduced.

4.4 Fatigue Analysis Methods

4.4.1 Simplified Fatigue

API allows simplified fatigue calculations only for Category L-3 template type platforms that are
constructed of notch-tough ductile steels, have redundant inspectable structure, and have natural
period of less than 3s or for preliminary design of all structure categories in water depth up to 400 ft
(122m). As shown in Table 4-2 APl RP 2A WSD defines in Section 5.1 and its commentary the
fatigue design wave and allowable peak hot spot stresses. Simple tubular joints SCF formulas are
also presented in addition to recommended DFF (Design Fatigue Factor) depending on criticality of
the fatigue failure and accessibility for inspection see Table 4-2.

NORSOK refers to DNV-RP-C203, Section 5 for the details of the methodology and the allowable
stress range as function of the Weibull shape parameter and applicable fatigue curve (depending on
the joint detail and stress field configuration; i.e., the fatigue curve) for 20 years’ service life (10°
cycles). The simplified fatigue given in DNV-RP-C203 is applicable to mass dominated structures
such as Semisubmersible, ships, FPSOs and TLPs in conceptual design phase. It is less appropriate
for drag dominated structures such as jackets and truss towers with slender tubular members.
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4.4.2 Detailed Fatigue

The comparison made in Table 4-3 covers the assumptions, loading definitions, hot spot stress range
calculation, stress concentration factor formulas, S-N curves for tubular joints and plated structures,
and DFF required values. Detailed comparison has been given in Section 4.3.

4.4.3 Fracture Mechanics

Fracture mechanics may be used for fatigue analyses as supplement to S-N data. Fracture mechanics
can be used to assess the acceptable defects, evaluate the acceptance criteria for fabrication and for
planning in-service inspection.

API RP 2A refers to ISO 19902. 1ISO 19902 and DNV-RP-C203 give the similar guidance. They all
refer to BS 7910 “Guide on Methods for Assessing the Acceptability of Flaws in Fusion Welded
Structures”. APl RP 2A refers to 1999 edition, ISO 19902 refers to 1991edition and DNV-RP-C203
refers to 2005 edition.

4.5 Welding Improvement Techniques

In all three codes, the welding improvement techniques are all the same and the achievable
improvement factors on fatigue performance are identical.

4.6 Summary of Fatigue Comparison

API allows simplified fatigue calculations only for Category L-3 template type platforms that are
constructed of notch-tough ductile steels, have redundant inspectable structure, and have natural
period of less than 3s or for preliminary design of all structure categories in water depth up to 400 ft
(122m).

NORSOK refers to DNV-RP-C203, Section 5 for the details of the simplified fatigue methodology
and the allowable stress range as function of the Weibull shape parameter and applicable fatigue
curve (depending on the joint detail and stress field configuration; i.e., the fatigue curve) for 20
years’ service life (10° cycles).

Detail fatigue assumptions, loading definitions, hot spot stress range calculation, stress
concentration factor formulas, S-N curves for tubular joints, and required DFF values are specified
in all three codes. In addition, details of the spectral analysis, utilization of fracture mechanics, and
fatigue life improvement techniques are also compared. The requirements are quite similar.

The Efthymiou’s equations are used in all three codes. SCF formulas for T/Y joints in all three
codes are identical for T- and Y-joints at crown positions for long chord members where DNV-RP-
C203 is improved. This is considered to reduce engineering work and improve the reliability of
fatigue analysis.

Finite element analysis and hot spot stress methodology is important for plated structures and this is
included in DNV-RP-C203 but not in ISO 19902/19904 and hardly in API-RP2A.
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Table - Simplified Fatigue

Table 4-2 Simplified Fatigue

APl RP 2A - WSD HORSOK N-001, HODIDNV-RP-C203
Simplified fatigue analysis (section 3.1 and C 5.1) DNV-RP-C203 3. Simplified fatigue analysis

- Have been calibrated for the design wave cimate These design charts have been derived based on an assumption of an allowable fatigue damage e=1.0 during 10° cydes (20 years servics life which
a |- May be applied to tubular joints in Category L-3 template type platfiorms as defined in Section 1.7 comesponds to an average period 6.3 sec).
E 1. Are constructed of notch-tough ductle steels '
5 |2 Have redundant, inspectable strutcural framing
E |3. Have natural periods less than 3 seconds
3 |- Particularly useful for prefiminary design of all structure categories and types, in water depths up to 400 feet

(122 m)

Fatigue design wawve:

- Fatigue design wane is the reference level -wave for the platform water depth as defined in Figure 2.3.4-3.

n
2 |- Wave Foces - Follow the pmnedures in Section 2.3.1 except that the omni-directional wave should b= applied
g. in all directions with wawe kinematics factor equal to 0.88.
8 |- Wave should be applied to the structure withouwt wind, cament and gravity load effects.
§ |- In general, four wave approach directions {end-on. broadside and two diagenal) and sufficient wave positions
E [|relative to the platform should be considered fo identify the peak hot stress at each member end for the fatigue
B |design wave.
@ [Tide as defined in Figure 2.3 4-7 should be included.
] \% o
e B |
Fropms 238 -Iﬂ"‘ﬂ-‘-:-:-':lllﬂ. ';'l-.::::'.m IR A R AT
The E'_"M pfeak h':_'t 5":_":'? 51]-95_'5: Sp. '5 determined from Figure C5.1-1 or C5.1-2. “Design charts for steel components in ar and in seawater with cathodic protection are given.
| —_— Ly - .
g L P E 1 . 1] i
- T = : R - =" o
ot B I —"'-_“I-'-- T d Wi W, i _‘:\.- %"\'-"-"F' '1 ) = B T "k
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Peak Hot Spot Stress for
the Fatigue Dealgn Wawve

The peak hot spot stress at a point should be taken as the makmum value of the following expression calculated
at both the chord and brace sides of the tubular joint:

| SCF ofe | #[SCF of e HECF el (CE.5-1)

where ., foe and fooe are the nominal member end axal, in-plane bending and out-of-plane bending stresses;
SCF,.. SOF and SCF_, are the comesponding stress concentrations factor for axial, in-plane bending and out-
of-plane bending stresses fior the chord or the brace side.

Table C5.1-1 incledes SCF's developed from the referenced examples, to be used with equation (Z5.1-1) for
simple joints.

DFF

Table 5.2.5-1 Fatigue Life Safety Factors
Falure critical Inspecitable Mot Inspectable
Mo 2 5
es 5 10
- Table above is for assessment of Category L-1 struchures;

- A reduced safety factor is recommended for Category L-2 and L-2 convenbonal steel jacket structures on the
basis of in-service performance data: 5F=1.0 for redundant diver or ROV inspectable framing, with safety factors
for other cases being half those in the table;

Design fatigue factor in DMNW-RP-C203 refers to DMNW-05-C101 Section 8. Table A1, which is walid for units with low consequence of failure and where it can
be demonsirated that the structure satisifies the requirement to damaged condition according to the ALS with failure in the actual element as the defined

damage.

Table Al Design fatigue factors (IDEFE)

| DAFF | Srucniral element
1 Duternal strugture, accessible and por welded direetlv 1o the sulbanerged part.
1 External sirucwe, accessible tor regular mspection and repair m diy and clean conditiomns.

Internal structure. accessible and welded directly to the subimerged part.

External structurs not accessible for inspection and repair 11 drv and clean conditions

Fu) | 35 |

Non=accessible arens, areas not plannsd to be accessible for mspection and repair dunng opematon

NORSOHK N-004, Tables &-1 and K.4-1 also give the DFFs and are included in Detailed Fatigue comparison table.

Table C3.1-1 - Selected SCF Formulas for Simple Joints

SCF Formmulas fior tubadar jeints are given in ONW-RP-C203 Appendix B "SCF's for Tubular Jonts";, SCFs for Penstrations with Renforcements are given in

Joint Type| o Axial Load In-Flane Bending Dut-oi-Plane Bending Appendix C;
¥ 10
(P
o T&Y [
5 [ 24 ahA 2134 24
w 5 [B<Dge
2 i 17
B =099
Brace SCFs 1.0+0.375 [1+{vB)" " SCF . J = 1.8
Where A= 1.8 1 5in (8, i = D, 7= DN2T), t= T
d = Brace outside dameter, Im (mm)
D = Chond cubside dismeter, in. (e
[t = Brace wal thickness. at infersaction, n. {mmj
[T = Chord wall Trickness at imbersection, L immj
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Table - Detailed Fatigue

Table 4-3 Detailed Fatigue

APIRP 2A - WSD

1S0O 19902/19904

Norsok N-004/DNV RP-C203

The fafigue assessment of welded joints is hased on the assumption that the connection
has full-penetration single or double sided welding.

Validity

- The requirements in this IS0 are applicable to the fatigue design of new sfructures as well as the
fatigue assessment of existing structures. However, they only relate to fatigue evaluations of
"uncracked” locations; therefore, in the case of exisitng structures, the proviso is that there be no
crack already present.

-The fatigue assessment of welded joints is based on the assumption that the connection has full-
penetration single or double sided welding, unless otherwise stated.

- In this standard, the requirements in relation to fafigue analyses are based on fatigue fests
and fracture mechanics.

-Reference is made to DNV-RP-C203 for more details with respect to fatigue design.

- DNV RP-C203

1) It is valid for steel materials in air with yield strength less than 960 MPa. For steel materials
in seawater with cathodic protection or steel with free corrosion the RP is valid up to 550 MPa.
It may be used for stainless sieel.

2) This RP is valid for material temperatures of up to 100°C. For higher temperatures the
fatigue resistance data may be modified with a reduction factor.

The wave force calculations should follow the procedures described in Secfion 2.3.1 with
the following exceptions:

- Current - may he neglected and considerations for apparent wave period and current
blockage are not required;

height equal one foot and a maximum height equal to the design wave height should be
used.

-Wave kinematics factor=1.0

- Conductor shieding factor =1.0

Loading

Cq = 0.8 for rough members and C, = 0.5 for smooth members
- Use 60 to 150 sea states each with its wave energy spectrum

- For the Gulf of Mexico a steepness between 1:20 and 1:25 is generally used. A minimum

- For small waves (1.0 = K = 6.0 for platform legs at mean water level), values of C, = 2.0,

- In determining stress variations for a fatigue analysis the partial action factors shall be taken as
1.0
- The partial resistance factor on the fatigue assessment shall also be taken as 1.0.

- In determining stress variations for a fatigue analysis the partial action factors shall be taken
as 1.0.
- The partial resistance factor on the fatigue assessment shall also be taken as 1.0.
- Fatigue analysis can normally be counducted with no current.
- Wave kinematics factor = 1.0
- Conductor shielding factor=1.0
- For small waves with KC referred to the mean water level in the range 1.0<KC<6, the
hydrodynamic coefficients can be taken to be:

Cy=10.65 and C., = 2.0 (smooth member); C; =0.80 and C, = 2.0 (rough members)
- In lack of site specific data, the wave periods shall be determined hased on a wave sieepness
of 1/20.
- For a stochastic fatigue analysis, it is important to select periods such that response
amplifications and cancellations are included. Also selection of wav periods in relation to the
platform fundamental period of vibration is important. The number of periods inlcuded in the
analysis should not be less than 30, and be intherange fromT=2stoatleast T =20 s.

hot spot stress and hot spot stress range (HSSR)

interseciion in order to adequately cover all relevant locations. These are: chord crowns
{2}, chord saddles (2), brace crowns (2) and brace saddles(2).
- HSS for saddle and crown are given by
HS5S8;; = SCFaealax +/- SCFopafope
HS55y = SCFayeda #/- SCFpafy +CE
where f = nominal stress

sa = saddle
Cr = Crown
ax = axial

iph = in-plane bending

opb = out-of-plane bending

CE = the effect of nominal cyclic stress in the chord
- Other than tubular joints
Where variations of stress are applied to conventional weld details, idetified in the
ANSIFAWS D1.1 - 2002 Table 2 4, the associated S-N curves provided in Figure 2.11
should be used, dependent on degree of redundancy.

Stress Range

- A minimal of eight stress range locations need to be considered around each chord-brace

geometric stress (GS) and geometric stress range (GSC)
-Tubular Joints
- A minimum of eight stress range locations need to be considered around each chord/brace
intersection weld in order to adequately cover all relevant locations. These are: the chord sides at
two crown positions, the brace sides at two crown positions, the chord sides at two saddle
posotions and the brace sides at two saddle posifions.
- The GSRs for the chord and the brace side of the weld are determined:
Oaselt) = CacsOax (1) +/- Copo s Topalt)
Ogs,ell) = CaoOay (1) #- Cipp ¢ O(l) + O 1)

where Gz, = the geometric stress on the chord or the brace side of the weld between chord and
brace

5, = the nominal axial stress in the brace (or stub)

Gypy = the nominal in-plane bending stress in the brace (or stub)

Ogon = the nominal out-of-plane bending stress in the brace (or stub)

Oc = the nominal stress in the chord (or chord can) at the crown position

Cax = the siress concentration factor for axial brace siress

Cigp = the stress concentration factor for in-plane bending stresses in the brace

Copp = the stress concentration factor for out-of-plane bending stresses in the brace

t=time

5 = the subscript denoting the saddle position

¢ = the subscript denoting the crown position
- The effect of nominal variable stresses in the chord member can be covered by including
the stress due to axial force in the chord can member, combined with an axial SCF
of 1.25, e G lt) = 1.25 04 (1)
- Other than tubular joints
- The stree range indicated in Tables A.16.10-7 to A.16.10-11 and used as the GSR is the
maximum principle stress range adjacent to the detail under consideration, except for
the throat of load carrying fillet or partial penetration welds, for which it is the shear stress
range calculated on the minimum throat area.
- For details that are not expressly classified, the following minimum classification class
should be used, unless a higher class can be justified from published experimental work, or by
specific tests:

-W, for load carrying fillet or partial penetration weld metal;

- F; for other cases

hot spot stress and hot spot stress range
- Tubular Joints and Members
The siresses are calculated at the crown and the saddle ponits.

o, =SCF, -0, +5Ch, 0., _— s
Lecr .scr | e 1 frecs -l
6, = —(SCF, +5CF, )0, +— [T SCF 0, - - [T 5CF 0
8, = 5CF,y 8, =5 oy T
| — 1l & - l rrecs
g, --:-I.’S.__-M = 5CF;)0, ==4f2 SChyy Oy, -1\,'_ SC Py G
G, =5CF,. G, =5CE,, 0., (33.1)
| J— — 1l s Y .
6, =5 (5CF,: +5CF0)8, =< +f7 SCRuy Oy =547 5Ty O

g, =5CF, 0, <50, o

Figars -7

8y =+ (SCF,e = 5CE,)0, =t ofT SChup Oy =+ T $Chircy Orm Powdl

- Welded connections other than tubular joints

In plates structures, three types of hot spots at weld toes can be identified:

a) at the weld toe on the plates surface at ending attachment

b} at the weld toe around the plate edege of an ending attachment

) along the weld of an attached plate (weld toes on both the plate and attachment surface)

Figurs 43
Dot Lot ot paitions
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Stress Concentration Factor (SCF)

SCF = HSSR at location (excluding notch effect) / Norminal Brace Stress Range;
1. The SCF should include all stress raising effects associated with the joint geometry and
type of loading, except the local (microscopic) weld notch effect, which is included in the S-
N curve.
2. The geomefric stress or strain is defined as the tofal range that would be measured by a
strain guage adjacent to the toe of the weld and oriented perpendicular to the weld so as to
reflect the stress which will be amplified by the weld toe discontinuities. Typical geometric
strain gauges are centred within 6 mm to 0.1(rt)" from the weld toes with a guage length of
3mm. rand t refer fo the outside radius and thickness of the member instrumented,
whether chord or brace.
3. The Efthymiou equafions (in Tables C5.3.2-1 to C5.3.2-4) are recommended because
this set of equations is considered to offer the best option for all joint types and load types
and is the only widely vetted set that covers overlapped K and KT joints.
The validity ranges for the Efthymiou parametric SCF eguations are as follows:

B=d/D from0.21to0 1.0

T=UT from0.210 1.0

¥Y=0/2T from 8 fo 32

o = Li2D (length) from 4 1o 40

68 from 20 to 90 degresss

£ = g/D {gap) from -0.6/sin{e) to 1.0

4. For all welded tubular joints under all three types of loading, a minimum SCF of 1.5
should be used.

5. SCFs for internally ring-stiffened joints can be determined by applying the Lioyds
reduction factors to the SCFs for the equivalent unstiffened joint. For ring-stifiened
joints analyzed by such means, the minimum SCF for the brace side under axial or
OPB loading should be taken as 2.0. A minimum value of 1.5 is recommended for all
other locations.

SCF = the range of the GS at a particular location of the intersection weld (excluding notch
effect) / the range of the nominal brace stress

1. The recommeded S-N curves and SCF equations used is 150 are based on European
definition and are consistent.
2 The Efthymiou equations are recommended because this set of equations is considered to
offer either the best option or a very good option for all joint types and types of brace forces and is
the only set which covers overlapped K- and KT-joints.
3. The validity ranges for the Efthymiou parametric SCF equations are as follows:

B=diD from02to1.0

T=1T from02to 1.0

¥=a/2T from 8 to 32

o = Li2D (length) from 4 to 40

& from 20 to 90 degresss

£ = a/D (gap) from -0.6k/sin{#) to 1.0
4_Increasing the chord wall thickness is an effective way of reducing stress concentrations. For
TrY-and X-joints, a doubling of the chord wall thickness reduces the saddle SCFs by a factor of 4,
crown SCFs are also reduced considerably.
5. SCF Equations for tubulars are given in 150 19902 Table A 16.10-2 "Equations for SCFs in T/Y
joints” and Table A.16.10-4 "Equations for SCFs in gap/overiap K-joints".

SCF = hot spot stress range/nominal stress range
- The local weld noich effect is excluded by using stress values just outside the weld notch
region and exirapolating these (linearly) to the weld toe. The European definition is based on
maximum principal siress, i.e. the stress components are extrapolated to the weld toes and
then used in Mohr's Circle to establish the maximum principal stress at the toe.The stress
normal fo the weld toe, used in the US definifion, is somewhat lower than this, but for the all-
important saddle location the two are virtually identical.
- SCF Formulas for tubular joints are given in DNV-RP-C203 Appendix B "SCF's for Tubular
Joints", Table B1 - BS, SCF's for Penefrations with Reinforcements are given in Appendix C;
- The validity range for the equations in Table B-1 to Table B-5 is as follows:

p=d/D from 0.2to 1.0

T=UT from0.210 1.0

¥=af2T from 8 to 32

o = L/2D (length) from 4 to 40

6 from 20 to 90 degresss

£ = o/D (gap) from -0.6b/sin{g) to 1.0

The basic tubular joint 5-MN curve has been denved from an analysis of data on fubular
joints manufaured using welds conforming to a standard flat profile given in AWS.
The basic design S-N curve is of the form:
Logip(N) = Log (k1) - mLogp(S)  (5.4.1-1)
where N = the predicted number of cycles to failure under stress range 5,
k1 = a constant,
m = the inverse slope of the 5-N curve

The basic design 5-M curve is of the form:
10Q,g(N) = log,y(k1) - mlog,g(S) (16.11-1)
where N = the predicted number of cycles to failure under constant amplitude stress range S,
k1 =a constant, (k1 = N for 5=1)
m = the inverse slope of the 5-N curve
5 = the constant amplitude stress range, which is the geometrical stress range

The basic design S-N curve is of the form:
10Q4,(N) = log (3) - mlog,(AG) (2.4.1 DNV RP-C203)
where N = the predicted number of cycles to failure under constant amplitude stress range Ag,
m = negafive inverse slope of the S-N curve
Ao = stress range
log @ = log a -2s intercept of log N-axis by S-N curve
a = constant relating to mean S-N curve
s = standard deviation of log N

Table 5.5.1-1 - Basic Design S-N Curves

Table 16.11-1 - Basic representative S-N curves for air and sea water

Table 2-1 S-N Curve in Air and Table 2-2 S-N curve in seawater with cathodic protection

Alr Sea water with adequate corrosion protection Air Sea water with adequate cathodic protection
Curve m Curve 3-N Curve =
l0g 19 (k1) 10g 19 (k1) log 10 (K1) m log 9 (K1) log & m log g (K1)
S in ksi Sin MPa Sin MPa 5 in MPa m Sin MPa 5 in MPa m
Welded Joints (WJ) G095 12.48 3forN = 10° Welded Joints (W.J) 12.48 3.0 for N=107 1218 30 forN= 1.8 x10° T 12.164 3.0 for N=10" 11.764 3.0 for N= 10°
11.92 16.13 §for N = 107 16.13 | 5.0 for N=10’ 16.13 5.0for N=1.8 x 0° 15606 |50 for N=107 15.608 5.0 for N>10°
Cast Joints (CJ) . Cast Joints (CJ) 1517 4 C 12.592 3.0 for N=107 12.192 3.0 for N= 10°
1;'33 12;{ ‘;g: ) 12? 16.320 | 5 0 for N>107 16.320 5.0 for N>10°
) ’ Other joints (OJ) Other joints (OJ)
- The basic design 5-M curves given in Table 5.5.1-1 are applicable for joints in air and submerged coated joints. B 15.01 4.0 for N=10 14.61 40 for N=107 B1 15117 4.0 for N=10" 14971 4.0 for N= 107
- These 3-M curves are based on steels with yield strength less than 72 ksi (500 MFa) 17.01 5.0 for N}‘ID? 17.01 5.0 for N}ﬂ]s 17 146 5.0 for N:»1DT 17.146 50 for N}‘IDE
- The W.J curve is based on 5/8-in {18mm) reference thickness. For material thickness above the reference = = =07 = An°
thickness, the following thickness effect should be applied for as-welded joints: c 13.63 3.5 for Nim, 13.23 3.5 for N=4.88 x 1[]: B2 14885 f4.0for N_'m, 14.685 4.07or N= 1GE
3= 5, (tedtF = 16.47 5.0 for N=10" 16.47 5.0 for N=4.68 x 10° 16.858 | 5.0 for N=107 16.856 5.0 for N=10
£ |"=". traf = the reference thickness, 5/8-inch (16 mm), D 12.18 3.0 for N=10 11.78 3.0 for N=10° c1 12449 | 3.0 for N=10 12.049 3.0 for N=10°
2 5 = allowsble stress range 1563 | 5.0 for N=10’ 15.63 5.0 for N>10° 16.081 |5.0 for N=10’ 16.081 5.0 for N=10°
§ Sa = the allowable stress range from the S-N curve E 12.02 3.0 for N=107 11.62 3.0 for N=10° c2 12.301 3.0 for N=10" 11.901 3.0 for N=107
€ |, b member inickness for which ihe fafgus e = precicted 1537 | 5.0 for N=10’ 1537 5.0 for N>10° 15.835 | 5.0 for N=107 15.835 5.0 for N>10°
S e i g e aEn F 1180 | 3.0forN=10" 1140 3.0 for N=10° D 12164 | 3.0 for N=10' 11764 3.0 for N=10°
ol 5 =50 () - s - :
B |where the reference thickness tis 1.5 in (32 mm) 15.00 5.0 for N=10' 15.00 5.0 for N=10 15.606 5.0 for N=10' 15606 5.0 for N=10
3
g |- For Welded Joints in seawater with adequate cathodic protection, the m = 3 branch of the 5-M curve should be Fg 11.63 7 11.23 =qnG E 12.010 —nT 11.610 1
|E reduced by a factor of 2.0 on life, with the m = § branch remaining unchanged and the position of the slope 1471 3.0 for N£1D.l. 14.71 3.0 for N=1 06 15.3580 3.0 for N_'ﬂ].l. 153580 3.0 for N£1DE
= |change adjusted accordingly. 5.0 for N=10 5.0 for N=10 5.0 for N=10 5.0 for N=10
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- The curve for cast joints is only applicable to castings having an adequate fabrication
inspection plan.

S-N Curves fc

DINW

G 11.40 3.0 for N=10" 11.00 3.0 for N=10° F 11.855 | 3.0 for N=10" 11.455 3.0 for N=10°

14.33 5.0 for N=10' 14.33 5.0 for N=10° 15.091 5.0 for N=10" 15.091 5.0 for N=10°

W, 1087 | 30 for Ns107 10.57 3.0 for N=10° F1 11.688 |30 for Ns107 11.299 3.0 for N=10°

1362 | 50 for N>107 13.62 5.0 for N>10° 14.832 | 50 for N>107 14.832 5.0 for N>10°

- The basic design 5-N curves given in Table 16.11-1 are applicable for jeints in air and seawater with adequate comosicn F3 11.546 3.0 for N£;1[]7 11.146 3.0 for N£;1[]E
protection. i 7 i

- Thesa 5-M curves are based on steels with yield strength less than 500 MPa. 14.576 5.0 for N'}1G“ 14.576 5.0 for N'}1DE

- The WJ curve is based on 18mm} material thickness. For material thickness above 18 mm, the following thickness G 11.398 3.0 for N=10' 10.998 3.0 for N=10°

effect shoukd be applied for as-welded joints: 14.330 5.0 for N}.‘GF 14.330 5.0 for N}ﬂ]E

s=35,(18a" - 7 ' :
W1 11.261 = 10.861 =

WSS = the stress ramge of 5-M curve, when adjusted for thickness effects 14.101 3.0forN 1[]? 14.101 3.0forN “]E

So = the stress range from the S-M curve in Table 18.11-1 ) 5.0 for N=10 N 5.0 for N=10

t = member thickness in mm for which the fatigue life is predicted w2 11107 | 2.0 for N=107 10.707 3.0 for N=108

- The material thickness effect for castings is given by: 13.845 T 13.845 T

5 = 5o (3EAFE 5.0 for N: 1(}7 5.0 for N: 1[]E

- The curve for cast joints is only applicable to eastings having an adequate fabrication w3 10.970 3.0 for Niiﬂ]_ 10.570 3.0 for N=10

inspection plan. 13817 |50 for N=107 13.617 5.0 for N=10°

- 5-M curves are cbtained from fatigue tests. The design 5-N curves which follows are based on the mean-minus-two-
standard-deviation curves for relevant experimental data. The 5-M curves are associated with 87.8% probability of

survival.

- The thickness effect is accounted for by a modification on stress such that the design 5-M curve for thickmess larger

than the reference thickness reads:

log (M)} =log (5) - mlogm[ﬂ.mj‘tmlk] (2.4.3 DNV RP-C203)

where tey= reference thickness equal 25 mm for welded connections other than tubular joints. For tubular joints the

reference thickness is 32 mm. For bolts te = 25 mm

k = thickness exponent on fatigue strength as given in Tables 2-1, 2-2 and 2-3

k = 0.10 for tubular butt welds made from one side

k = 0.25 for threaded baolts subjected to stress varation in the axial direction
- It is recommendead to use the C curve for cast nodes. te = 38 mm may be used.

- For forged nodes the B1 curve may be used for nodes designed with a Design Fatigue Factor equal to 10. For
designs with DFF less than 10 it is recommended to use the C-curve to allow for wied repair if fatigus

cracks should occcur during service life.

Table 5.2.5-1 Fatigue Life Safety Factors

IS0 19902 - Table A.16.12.-1 - Fatigue damage design factors, Yep

Table 8-1 Design Fatigue Factors (DFF's)

Failure critical Inspectable Mot Inspectable Failure critical component Inspectable Mot Inspectable
No 2 5 Mo 2 5
Yes 5 10 Yes 5 10

Classification of structural components based on
damage consequence

Access for inspection and repair

Mo access orin the
splash zone

Accessibility

Below splash zone

- Table above is for assessment of Category L-1 structures;
- A reduced safety factor is recommended for Category L-2 and L-3 conventional steel

or ROV inspectable framing, with safety factors for other cases being half those in the
table;

Fatigue damage design factors

jacket structures on the basis of in-service performance data: SF=1.0 for redundant diver

- The factors given in Table A.16.12-1 should be considered to relate to exposure Level L1, but
should also be used for exposure levels L2 and L3. There is currently insufficient background fo
establish different factors for lower exposure levels.

IS0 19904 Table 6- Fatigue damage design safety factors

Substantial consegquences

10

3

Without substanfial consequences

3

2

"Subtantial consequences"” in this context means that failure of the joint will entail danger of loss of human life;

significant pollution; major financial consequences

"Without substantial consequences” is understood failure where it can be demonstrated that the structure satisfy the
requirement to damaged condition according to the ALSs with failure in the actual joint as the defined damage

Table K.4-1 Fatigue design factors in jackets

Consequence of fauilure Degree of accessibility for inpsection and repair

Mot accessible | Underwater access Dry access
Substantial 10 5 2
Mon-substantial 5 2 1

Classification of structural components based on
damage consequence

Access for inspection and repair

Mo access or in the
splash zone

Accessibility

Below splash zone

- Brace'stub to chord welds in main loadtransferring joints in
wertical plans

- chordicone to leg welds, between leg connections

- Brace to stub and Brace to Brace welds in main
loadiransferring members in verical plans

- Shear plates and yoke plates incl. stiffening

- Piles and bucket foundation plates incl. stifening

10

- Brace/stub to chord welds in joints in horizontal plans

- chordicone to leg welds, between leg connections

- Chord'cone to brace welds and welds between sectons in
horizontal plans

- Appurienance supports

- Anodes, doubler plates

- Quitfitting steel

The cumulative fatigue damage rafio, D,
D =% m/N)

(5.2.4-1)
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Fatigue damage accumulation

where n = number of cycles applied at a given stress range
N = number of cycles for which the given stress range would he allowed by
appropriate S-M curve

When faigue damage can occur due to other cyclic loadings, such as tansportation, the
following equations should be satisfied:

Y SFD;<1.0 (5.2.5-1)
J

where Dj = the fatigue damage ratio for each type of loading
5F] = the associated safety factor

{16,12-1)

D s a non-dimensional number, the Palmgren-Miner sum or damage ratio for a time T,
s a local expenence factor, see 16.12.3;

Yfp B A fatigue damage design factor, sees 16.12.2;

" is the number of cycles of stress range, 5, oeeurring during time period, T,

N i the number of cycles fo failure under constant amplitude stress range, 5, taken from the relevant
5N curve,

ko 1k q
D=¥y—L=—%n-lAc;) =nq (2.2.1)

Faud _"\'TI @ =l

where

D = accumulated fatigue damage

@ = wmtercept of the design S-N curve with the log N axis

m = negative inverse slope of the S-N curve

k = number of stress blocks

n; = number of stress cycles in stress block 1

N; = number of cycles to failure at constant stress range Ag;

usage factor

= 1/ Design Fatigue Factor from OS-C101 Section 6
Fatigue Linut States.

-3
I

Spectral Analysis Technique

1. Transfer functions developed using regular waves in the time domain
- Charaterize the wave climate using either the two, three, four and eight parameter
format
- Select a sufficient number of frequencies to define all the peaks and valleys inherent in
the jacket response transfer functions
- Select a wave height corresponding to each frequency;
1) For GoM, a steepness between 1:20 and 1:25 is generally used.
2) A minimum height of one foot and a maximum height equal to the design wave height
should he used.
3) Compute a stress range fransfer function at each point where fatigue damage is to be
accumulated
for a minimum of four platform directions (end-on, broadside and two diagonals).
More directions may be required for jackets with unusual geometry or where wave
directionality or spreading or current is considered
4) A minimum of four hot spot locations at hoth the brace and chord side of the
connection should be considered.
5) Compute the stress response spectra.
2. Transfer functions developed using regular waves in the frequency domain
- This approach is similar to method (1) except that the analysis is linearized
prior to the calculation of structural response.
3. Transfer functions developed using random waves in the time domain:
Nonliearities arising from wave-structure interaction can be taken into account and
difficulties in selecfing wave heights and frequencies for transfer function generation
can be avoided.
- Characterize the wave climate in terms of sea state scatter diagram
- Simulate random wave time histories of finite length for a few selected reference sea
states
- Computer response stress time histories at each peint of a structure where fatigue life
is to be determined and transform the response stress time histories into response
stress spectra
- Generate "exact” transfer functions from wave and response stress spectra
- Calculate pseudo transfer functions for all the remaining sea states in the scatter
diagram using the few " exact” transfer functions
- Calculate pesudo response stress spectra as described in Section ©5.2.2-1

- A prafical method that is best able to represent the random nature of the wave environment

- only applicable to linear system as it is based on superimposition of many individual frequency
components; this formal constraint can be overcome by suitable linearizafion of non-linear
elements.

- Stress transfer functions

1) to be determined by performing global stress analyses directly in the frequency domain; If this
method is chosen, the global analyses shall be performed using linear wave theory and the drag
term in Morison’s equation shall be lingarized. The calculated stresses are linearly dependent on
the wave height and non-lingar wave height influences are not included.

2) to be determined by performing global stress analyses in the fime domain by stepping a full
wave cycle past the structure. Various wave theories can be used and linear drag term can be
allowed.

- Selection of wave frequencies

Select a sufficient number of frequencies to define all the peaks and valleys

- Selection of wave heights

Typical wave steepness values are in the range of 1:15 to 1:20.

A wave height equal to the wave height with a one year retumn period should normally be used as
a maximum.

Typically, a broadside, an end-on and a diagonal wave direction are considered as a minimum.
- Short-term stress range statistics

- Long-term stress range statistics

Refer to DNV Classification Notes 30.7 - Fatigue Assessment of Ship Structures

The details refer to SO 19902 Clause A.16.15

- Typical applications:

1) to assess the fitness-for-purpose of a component with or without known defects

2) to assess the inspection requirements for a component with or without known defects

3) to assess the inspection requirements for components which may not be subjected to PWHT
4) to assess the structural integrity of castings
- The principal modes of failure in offshore structures:

1) crack growth driven by fatigue followed by the onset of fracture due to exceedance of the
fracture toughness at a critical crack size (not necessarily through-thickness)

2) the occurrence of plastic collapse
- Fatigue crack growth law

- This method is recommeded for use in assessment of acceptable defects, evaluation of
acceptance crteria for fabrication and for planning in-service inspection.
- This can be achieved by performing the analysis according to the following procedures:

1) crack growth parameter C determined as mean plus 2 standard deviation

2) a careful evaluation of initial defects that might be present in the structure when taking into
account the actual NDE inspection method used to detect cracks during fabrication

3) use of geometry functions that are on the safe side

4) use of utilization factors similar to those used when the fafigue analysis is based on S-N
data
The Paris’ equation may be used to predict the crack propagafion or the fatigue life:

hanics

B
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DY

i whe dafdN = C (AK)™ da .
) —=ClAEK
E N = the number of cycles to failure dN
5 AK = the stress intensity factor range WHEere 4 o kmax- kmin
IE C and m = parameters of the crack growth rate N = Number of cycles to failura
3 = crack depth. It |5 3ssumed that the orack septhienginh rato IS low 1255 than 1:5)
Whe a5 _ ¥ ac)«fma Stress intensity factor M = MANSTR pEEmESerE, ses B TE
oy — wis susaa 1 dflge —
KE=aggma
& = PaMInal sress In the member nomal to the crack
g = factor depsnding on the geometry of the member and the crack
- See BS 7910 for more detailed guidelines related to fatigue assessment
- Welding profiling - Post-weld heat treatment (PWHT) - have a beneficial effect on the fatigue behaviour of welded |- Welding profiling by machining and grinding
- Weld Toe Grinding joints; the knowledge of the residual stress distribution including the confribution of long-range fit- | The maximum improvement factor from the grinding only should be limited fo a factor 2 on
Experimental data indicate that this technique can lead to an increase in the fatigue up stresses is required. fatigue life
performance by a factor of 2. - Welding profiling - no clear evidence that weld profiling leads to improved fatigue performance (- Weld toe grinding
The grinding procedure should ensure that all defects in the weld toe region have been - Weld toe grinding of tubular joint welds - especially beneficial at low stress ranges; ‘Where local grinding of the weld toes below any visible undercuts is performed the fatigue life
removed by grinding to a depth not less than 0.5mm below the bottom of any visible Experimental data indicate that this technique can lead fo an increase in the fatigue performance |may be increased by a factor given in Table 7-1.
undercut or defect. The maximum depth of local grinding should not exceed 2 mm or 5% of |by a factor of 2. The thickness effect may be reduced to an exponent k =0.20
the plate thickness, whichever is less. - Grinding of butt welds - to improve the joint classifications - TIG dressing
NDE of the joint is required after grinding to verify that no significant defects remain, for - Hammer peening - The objective is to obtain a smooth groove at the weld toe. - Hammer peening with the following limitations:
fillet-welded connections, it is important that the required throat size is maintained. The groove depth should be at least 0.3mm, but should not exceed 0.5 mm. 1) only be used on members where failure will be without substantial consequences
- Full Profile Grinding, e.g., Butt Welds The recommended fatigue performance improvement factor is 4. 2) overload in compression must be avoided
& |For welded tubular nodes, full grinding of the surface profile to a radius of not less than 0.5t | The benefits of hammer peening on fatigue performance can only be realized through adoption of |3) It is recommended to grind a steering groove by means of a rotary burr of a diameter
Z |qualified for both the life improvement factor of 2 on curve W.J, and the 0.15 size effect adequate quality control procedures. suitable for the hammer head to be used for the peening. The peening tip must be small
_E exponent applicable to geometrically similar notch-free scale-ups enough to reach weld toe.
% |- Hammer Peening - The objective is to obtain a smooth groove at the weld toe. ) _ Table 71 on fati Tife o difF .
= |The groove depth should be at least 0.3mm, but should not exceed 0.5 mm. Table 16.16-1 — Achievable improvement factors on fatigue performance e — T o socdied | Tncrsace i fortene 176
S |The recommended fatigue performance improvement factor is 4. for weld improvement techniques method vield strengtic (factor om [ife) &
E |The benefits of hammer peening on fatigue performance can only be realized through . - Lasz than 350 MPa 0.01£
g adoption of adequate guality control procedures. Weld img ement technique improvement factor Grinding Higher than 350 MPa 15
a |Peened weld toes should be inspected directly after peening and any burr grinding Weld toe burr grinding 2 TIG dvessi Less than 350 MPa 0.01%
E |with mPI Hammer pasning s R Higher than 350 MPa 35
Z |- Post-Weld Heat Treatment . 1 | Less than 350 MPa 0.0111,
2 . Hammer peening ™ [y Whan 350 MPa 10
Table 5.5.3-1—Factors on Fatigue Life for Weld T The S \_EJ i - h = Y ——
i oAXInYm -0 Class Wat can Caalime Y WheLd IIPrOt e
Improvement Techniques ment 1z C1 or C g on WDE and quality assurance for
- execution see Table A-5 m Appendix A
“!qu—ml-w hfs;::—:]ﬂi I?r;:;:ﬁt ] f‘\. = characteristic yield strength for the actual material
3) The mmprovement affect 13 dependent on tool used and work-
Profil 11134 ag-0d " 5 manship, Therefore, 1f the fabncator 13 without expenence with
o P i respect to hammer it 15 recommended to perform
Wald tos burr grind 1.25 - fatigue testing of relevant detail (with and without hammer
- - peening) before a factor on inprovement is decided
Hammes peetung 1.56 4
* Chord side only:
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5 FOUNDATION DESIGN
A comparison is made between requirements given to pile foundation design by the following
codes:

e API-RP 2A WSD, Recommended Practice for Planning, Designing and Constructing Fixed
Offshore Platforms—Working Stress Design, October 2007

e [SO 19902:2007(E), Petroleum and natural gas industries — Fixed steel offshore structures

e NORSOK standard N-001, Structural design, Rev. 4, February 2004, in combination with
NORSOK standard N-004, Design of steel structures, Rev. 2, October 2004, and in particular
the Annex K therein, Special design provisions for jackets.

The comparison focused mainly on safety format related to axial pile capacity and to requirements
and recommendations for calculation of axial pile capacity.
5.1 Comparison of Safety Format and Safety Level

The main difference between the codes is that the API-RP 2A WSD makes use of total safety factors
whereas the 1SO and the NORSOK standards use load and resistance factor design. Table 5-1 gives
the comparison of the load combinations among three codes.

Table 5-1 Load combinations in API, ISO and NORSOK

Code - design condition Load combinations Pile material coefficient

ISO — extreme condition 1.1D1+1.1D2+ 1. 1L +y¢ee(Ee+7epDe) Or 1.25
D.Q'D]+0.9D:+U.3L1*‘ff_g,{E,"Tf_nD.]

ISO - operating condition 1.3Dy+1.3D5+1.5L1+1 5Ly+0.9yss(Ee+yepDe) | 1.5

API LRFD — extreme condition | 1.1Dy+1.1D>+1.1L;+1.35(E.+1.25D,) or 1.25
0.9Dy+0.9D>+0.8L;+1.35(E+1.25D,)
API LRFD - operating condition | 1.3D;+1.3D,+1.5L,+1.5L>+1.2(E.+1.25D,) 1.5

NORSOK - extreme ULS 1.0D+1.0L;+1.3E or 1.3 (apphied to pile group)
1.3D+1.3L+0.7E
NORSOK - 10000y ALS 1.0D+1.0L;+1.0E 1.0

The limit state design condition can be formulated as follows for design in accordance with the three
codes considered. Note that notations used below generally differ from those used in the codes since
the three codes use different notations. It is rather chosen to use the same notations for all three
codes.
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51.1 API-RP 2A WSD:
F..=P+V+E<Q, /SF 5.1)

P is permanent load, V is variable load and E is environmental load. Q. .x IS characteristic axial pile
capacity.

SF shall be taken equal to 1.5 for extreme condition and 2.0 for operating condition.
5.1.2 1SO 19902:2007:

Foa =7ip P+ 7y 'V + ¥ (Eg +7ieg 'Eg) £Quax = Qe /7 (5.2)

Here Es and Ey4 are static respectively dynamic part of environmental load. Note that ISO defines
two types of permanent as well as of variable loads, but this relates to which part should be included
in different phases. The load factors do not differ between the two types of P or V loads.

5.1.3 NORSOK:
I:d,ax =7ip P+ Vv -V +7ie -E SQd,ax :Qc,ax/ym (53)

Table 5-2 gives load factors defined by ISO and NORSOK for different loading conditions.

Table 5-2 Load factors in ISO and NORSOK

Ym YiP Vv Y£E OF Yt Es Y£Es

NORSOK comb.a 1,30 1,30 1,30 0,70 n.a.
NORSOK comb.b 1,30 1,00 1,00 1,30 n.a.
ISO, extreme-c 1,25 1,10 1,10 1,35 1,25
ISO, extreme-t 1,25 0,90 0,80 1,35 1,25
ISO, operation 1,50 1,30 1,50 1,22 1,25

Generally according to ISO yies and yseq are to be defined by National Authorities, but in the
Appendix to the standard yses = 1.35 and yses = 1.25 are recommended for Gulf of Mexico and
Extreme condition. For operating condition ysgs= 0.9-1.35=1.22 is recommended.

By comparing required characteristic axial capacity Qcax from above limit state formulations one
can calculate equivalent total safety factor SFeqy corresponding to the partial safety factors defined
by 1ISO or NORSOK for defined loading conditions. For simplicity all weights are defined as
permanent load, i.e. neglecting the difference between load factors for permanent and variable loads
defined by ISO. The equivalent safety factors can then be expressed as follow.
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.j/f,E'E+7/f,P+V “(P+V)

SFeqv =7m
NORSOK: E+(P+V) (5.4)
Vie EIDAF-(L+y o (DAF -1))+ 7 5o (P+V)
SI:eqv =7Vm-
1SO: E+(P+V) (5.5)
paF =S tE_E
where E, E,

SFeqv has been calculated as function of E/(P+V) for extreme as well as operating condition. For the
ISO calculations for DAF = 1.0 and 1.3 are presented. The results of the calculations are shown on
Figure 5-1 for extreme condition and Figure 5-2 for operating condition. As E approaches —(P+V),
the calculated SFeq approaches -co or +c. The various curves for the NORSOK and the 1SO
combinations always change sign at E/(P+V)= -1, since that corresponds to the characteristic load
E+P+V=0. Negative value means that the factored design load has different sign than the
characteristic load. The range -1 < E/(P+V) < 0 is of no interest for piles since here the pile is in
compression with a force lower than for static weight. Apart from for structures in very benign
areas the extreme condition is governing for design of piles. Typically for governing piles in
compression E/(P+V) is between 0.5 for platforms with heavy topside to 2 or maybe 3 for platforms
with very light topside. From Figure 5-1 it is seen that there are generally small differences between
the three standards for these conditions. Whereas platforms with heavy topside may not have piles in
tension (E/(P+V) always bigger than -1) piles of light weight platforms may be governed by tensile
capacity. This is particularly so when the capacity in compression has a large contribution from end
bearing. It is seen from Figure 5-2 that in that case there is a significant difference in safety
requirements between API on one hand and NORSOK and ISO on the other hand. This reflects the
weakness of the allowable stress standards for design of elements where the load effect results from
a difference between large load contributions.
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Comparison of safety levels for axial pile capacity design - extreme condition

SFeqv

/

a
53

N
©

——NORSOK comb.a

———NORSOK comb.b

A NORSOK resulting

AP| Extreme

—|S0, extreme-c - DAF=1

ISO, extreme-t - DAF=1

—|SO, extreme-c - DAF=1,3

——|S0, extreme-t - DAF=1,3

E/(P+V)

Figure 5-1 Comparison of safety levels for axial pile capacity design — extreme condition

Comparison of safety levels for axial pile capacity design - operating | condition
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——NORSOK comb.a

———NORSOK comb.b

A NORSOK resulting

—— AP| Operation

——ISO, operation - DAF=1

——|SO0, operation - DAF=1,3
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Figure 5-2 Comparison of safety levels for axial pile capacity design — operating condition
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5.2 Axial Pile Capacity — Methods of Calculation

The following main comparison points are made:

e API and ISO prescribes the same “traditional APl methods” for calculation of pile capacity
in sand and in clay

e Both API and ISO allow for alternative methods and in particular describe four alternative
methods for calculation of pile capacity in sand in the commentary part of the standard.

e Both API and ISO require that the designer shall evaluate in each case whether higher
resistance factors are required when using these methods. They do not state whether one or
all methods shall be checked and how different capacities from different methods shall be
handled.

e NORSOK does not prescribe specific methods but provides references to alternative methods
and states: “The relevance of alternative methods should be evaluated related to actual
design conditions. The chosen method should as far as possible have support in a data base
which fits the actual design conditions related to soil conditions, type and dimensions of
piles, method of installation, type of loading etc..”

5.3 Pile Structure Interaction and Definition of Pile Failure

The following main comparison points are made:

e All codes specifies that the nonlinear soil resistance shall be accounted for in the pile
structure interaction model

e NORSOK specifies that pile structure interaction shall be based on characteristic soil
resistance. APl and ISO is not specific on that although common practice. Doing pile
structure interaction based on factorized soil resistance could be very un-conservative by
allowing for redistribution of pile forces and thus removing the redundancy in the pile
system.

e NORSOK specifies that the resistance factor for axial pile capacity shall apply to the total
pile group axial force, and thus allows for lower resistance factor on individual piles. This is
not specified by API or ISO — practice is varying.

Table 5-3 includes additional comparison of pile design requirements specified in the three codes
(API, ISO, and NORSOK) from a structural perspective.
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5.4 Summary

The following summarizes the results from the comparison made in this section:

e Code requirements and recommendations are very comparable between the three standards,
and the choice of standard will not be decisive for the safety related to pile design

e No calibration of safety factors towards probability of failure is performed (documented) as
background for the chosen safety factors of the standards.

e A small structure with few legs/piles has less redundancy than a structure with many legs
and piles and correspondingly a higher probability of failure

e The designers choice of relevant pile capacity calculation method and of related soil shear
strength parameters are more important for the overall safety related to pile foundation

e Effects not normally accounted for in pile design may have large influence on the ‘real
safety’, such as ageing effects and effects of cyclic loading.
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DN

Table 5-3 Pile Design Formula Comparison

AFPI LRFD ISO 193902

17.3.4 (a) Pile strength

APIWSD NORSOK N-004

3.3.1.b Cylindrical Piles 0.3.2.2 Piles
The pile strength shall be verified using the steel tubular strength checking
=quations given in 13.3 or 13.4 for conditions of combined axial force and
bending.

1-cos[[ W28l #+ oy ol M heFion S 1
whers
#e = 0.85

T0BF,) + (Fo + o) SIF, < 1.0

Fye = Fy1.54-0.23(0) "] £ Fyp
Far = Fy

gl Dit <300; t== & mm
for (D) < 80

iy, = 0.85
foy, foz should inzlude secondary moments or P-4 effzcis

3.3.1.¢ Pile Owverload Analysis
PiA + 2izfarc sin[(MIZ)F ]t =1.0
where the arc sin term is in radians and
A = cross-sectional area, in”. n:rn‘-j-
Z = plastic section modulus, in® {m?)
P. M = axial lzading and bending moment computed from a nonlinear
analysis, including the (P-4) effect
Fyc = Critical local buckling stress with a limiting value of 1.2F , considering
the effiect of strain hardening
6.3.4 Pile Penetration
The allowakle pile capacities are datermined by dividing the ultimate pile capacity
by approriate factors of safety which should not be less than the fallowing valuas:

K.6.2.1 Axial Pile Resistance
For determination of design soil resistance against axial pile loads
in ULS design, a material factor y,=1.3 is to be applied to all
characteristic values of soil resistance.

53.4.2 Foundation Capacity
The axial pile capacity should satisfy the following conditions:

17.3.4 |b) Pile Axial Resistance
The axial pile capacity should salisfy the following condifions:

Ppe = ¢pe Qo
Poo S épo Gp

where Qg = uliimate axial pile capacity

Fae= Q0= Qftpee

Load conditicn Safety Factor Pap = Q4= Qdvpsp

K.6.2.2 Laterial Pile Resistance
When lateral soil resistance governs pile penetrations, the design
resistance is to be checkad with tha limit state categories ULE and
ALS, using following material factors appiled to characteristic
resistance:
1 = 1.3 for ULS condifion
¥ = 1.0 for ALS condition

1 Design envircnmental condiions with appropriate where (14 = design axial pile capacity

drilling loads

1.

n

determinad from a coupled linear structure and nonlinear foundation 2. = the representative value of the axial pile capacity

model using factorad loads

[ %]

Operating environmenial conditions during
drilling cperations

Design environmental conditions with approgriate
producing loads

4 Operating environmenial conditions during
producing operations

F,. = design axial action on the pile,determined from a coupled linsar
structure and non-lingar foundation maodel using the design actions for
extremes conditions

F4p = design axial action on the pile,determined from a coupled linsar
structure and non-linear foundation model using the design actions for
permanent or variable actions or the design axial action for operating
situations

[

dpg = pile resistance factor for extreme environmental conditions (=0.8)

tpg = pile resistance factor for operating environmental conditions (= 0.7)

[ov]

on

[ %]

in

Design environmental conditions with minimum q
cads (for pullout)

on

vrFe = the pile partial resistance factor for exireme conditions (= 1.25)
Yrre = the pile partial resistance factor for permanent and variable
actions or operating situations (= 1.50)

E.10 Pile Wall Thickness G106 Minimum Wall Thickness

Faor piles that are o be installed by driving where sustained hard driving (250
blows per footfB20 blows per meter] with the largest size hammer to be usad) is
antizipatad, the minimum giling wall thickness usad should not be less than:

t=0.25+ D00

ar

t=2.35+ 0100 (Metric Formula)
whers

t = wall thinkness, in. {mm}

D = diameter, in. (mm)

For piles that are to be installed by driving where sustained hard driving (250
blows per foot[B20 blows per meter] with the largest size hammer to be used) is
anticipated, the minimum piling wall thicknass used should not be less than:

t=025+D/100

or

t=8.35+ D100 (Metric Formula)
whers

1= wall thinkness, in. {mm)}

O = diameter, in. (mm)
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6 IN-SERVICE INSPECTION AND MAINTENANCE

A comparison of the requirements for the in-service inspection and maintenance is carried out based
on the API, ISO, and NORSOK standards discussed in Sections 6.1 to 6.3 below. A summary of the
comparison is given in Table 6-2.

6.1 API 2A, 2T, and 2FPS

The API RP-2A (WSD) is the main document where specific guidance with regards to the in-service
inspection scope and frequency for fixed platforms is available. The in-service inspection
requirements in the API standards addressing the design and operational aspects for floating
production units (2FPS) and tension leg platforms (2T) are also included herein and compared to
those given in the API RP -2A.

Generally speaking, the APl RP-2A represents the traditional approach for the in-service survey
requirements, focusing on the minimum intervals for the different inspection levels. Section 14
states that the time interval between periodical in-service inspections for the fixed platforms should
not exceed the intervals presented in Table 6-2. The frequency of the in-service inspections/surveys
is based on the exposure categorization and the consequence of failure considerations. These
intervals may be adjusted based on case-by-case evaluation if justification of different intervals can
be supported by engineering calculations or operational experience. No specific guidance for the
evaluation procedure supporting the adjustment of the inspection frequency is however presented.

API RP-2A also specifies in detail the scope for each of the inspection levels (see Table 6-2).

In addition to the periodical survey program, the RP highlights the need for special surveys which
should be conducted following:

e design environmental event, such as hurricane or earthquake (minimum Level | survey is
recommended).

e severe accidental loading that could lead to structural degradation; e.g., boat collision or
dropped objects (Level 1l survey is recommended)

e structural repairs of the members/areas critical for the structural integrity of the platform,
approximately 1 year after the repairs (Level Il or Level Il survey, in presence of an
extensive marine growth)

API RP-2T 3" Edition gives detailed in-service inspection requirements in Section 15 that covers
annual, intermediate and special periodical surveys with 1, 2-3, and 5 year intervals. The API RP
2T allows also a ‘continuous survey’ as an alternative to the special periodical survey. The
requirements cover internal and external examinations, joints and connections, tendons, flex joints
and foundations and include underwater inspections. The requirements do not however distinguish
between the type of TLP and the built in redundancies and robustness.

DNV Reg. No.: EP034373-2011-01
Revision No.: 1

Date :2012-01-12 Page 65



FINAL REPORT ON COMPARISON OF API, ISO, AND NORSOK OFFSHORE STRUCTURAL STANDARDS

DET NORSKE VERITAS
BOEMRE TA&R No. 677

The APl RP 2FPS provides only a high-level guidance regarding survey requirements (see Section
7.6 of the RP). Alternatively, 2FPS allows the preparation of the in-situ inspection and maintenance
program following the guidelines of Recognized Classification Societies (RCS). This approach is
preferred by a large percentage of owners (operators) since it is mandatory for all units certified by
RCS. It should however be stated that significant risk management requirements are present in the
2FPS document (Sec. 14) in comparison to 2A (Sec. 18.5) which may account for some reduction in
the survey requirements if one applies the Risk Based Inspection (RBI) principles.

6.2 1SO 19902 and 19904-1

As discussed below, the ISO approach to in-service inspection requirements adopts the Structural
Integrity Management (SIM) methodology and also applies RBI procedures.

The main focus of Clause 23 of the ISO 19902 is on the detailed guidance and the requirements for
the SIM system for fixed offshore structures. The standards specify that they apply to “fixed steel
offshore structures located anywhere in the world, built to any design and fabrication standards, and
of any age”, highlighting inherently that the degradation mechanisms and failure modes of structures
installed in the marine environment are similar, regardless of the basis for design. However,
consideration needs to be given to the specifics of the installation degradation rates, resulting from
the design and site environmental factors, the loading and operating history, and the effectiveness of
the preventive measures (i.e. coating or cathodic protection system). The high-level schematic of
the SIM cycle is shown in Figure 6-1. The four stages of the SIM are shown to involve data
collection and evaluation and development of inspection strategy and a detailed inspection program.

Design Data update
\
, Inspection | Inspection
Data = Evaluation strategy ™| programme
Managed system Evaluation of Overall inspection Detailed work scope
for archival and structural integrity philosophy and for inspection
retrieval of inspection  and fitness-for-purpose; strategy and criteria activities and offshore
data and other development of for in service execution to obtain
pertinent records remedlal actlons inspection quality data

Figure 6-1 Phases of a structural integrity management cycle (1SO 19902)
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The ISO 19902 also provides detailed description of each these four activities within the SIM
programme.  The standard states that the inspection strategy should contain scheduled and
unscheduled inspections. The scheduled inspections are divided into the following sub-categories:

e Baseline inspection — inspection conducted as soon as practical after installation and
commissioning (if possible, within first year of operation) to establish the as-installed
condition

e Periodic inspection — regular in-service inspection, with timing and scope of work
determined based on the inspection strategy and inspection programme

e Special inspection- to monitor known defects, damage, scour, etc. and to assess the
performance of repairs undertaken to assure fitness-for-purpose of the structure (conducted
approximately 1 year after completion of the repair)

Similar to API RP 2A, the unscheduled inspections are required to evaluate a structure’s condition
following an environmental event (i.e. hurricane) or incident (i.e. boat collision).

As an alternative to the SIM, the ISO 19902 presents the requirements for the default periodical
inspection requirements. As shown in Table 6-2, the ISO standard follows the APl RP-2A
philosophy (API requirements were directly adopted, with some minor changes for inspection
intervals where 1SO requires the lower bounds of the API allowable timeframe for corresponding
inspection levels).

The philosophy of the in-service inspections and maintenance of the floating installations presented
in the 1SO 19904-1 (Clause 18 of the standard), follows the above discussed philosophy of the 1ISO
19902. The default inspection intervals and scope are also presented. However, similar to 1SO
19902, the I1SO 19904 focuses on the requirements for the SIM program. It is also stated that the
requirements of the RCS which classified the unit should be implemented in the inspection program.
A separate issue of the inspection planning related to confined spaces and usually closed areas is
also addressed.

6.3 NORSOK N-005

The N-005 standard /27/ presents only high level requirements regarding in-service inspection
program. The platform operator is responsible for preparing this program based on the characteristic
of the structure, loading history, and inspection findings. No specific requirements regarding the
inspection intervals are presented. However the document includes details regarding preparations
for inspection and underwater inspection methods (see Table 6-1). More detailed guidelines
regarding the in-service inspection of various types of structures (jackets, column stabilized units,
ship-shaped vessels and concrete structures) are presented in the normative Annexes C through F, of
the standard, respectively.
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Table 6-1 Underwater Inspection Methods

I8

DN

Alethods/techniques Capability Technical description ROV Cost related aspects
applicability

Visual | Without Scour, sea floor instability, gross Video based reporting. ROV Fast

cleaning damage, signs of gross damages,
existence of anodes

With cleaning | Follow-up investigation of general Video based reporting Work class ROV Time consuming
damage

Electro | MPE Fatigue damage Existence and length of surface Work class ROV Cleaning required. Time

nic crack. consuming

EC Fatizue damage Length of surface crack. may also | ROV Relatively fast.
be used for depth measurement. Through ceating up to ca.
Independent evaluation possible 10mm.

ACPD Fatigue damage Depth of surface crack. Work class ROV Cleaning required. Time
Supporting MPE. consuming

ACFM Fatigue damage Both length and depth of surface ROV Relatively fast.
crack. Through coating up to ca.
Independent evaluation possible. 10mm.

Ultrasonic Wall thickness, corrosion, fatigne and | Embedded defects. Work class ROV, Cost level depends on
fabrication defect. post-repair Usually performed | different applications.
inspection by diver

FMD Fatizue damage and post-event Through thickness crack. ROV Fast
damage Excellent tool for rapid screening. No cleaning necessary.

Cathodic Potential Corrosion Anode performance. ROV Field calibration necessary,

Often combined with visual but the readings can be taken
inspection. quickly

Other Dimensicnal Scour, subsidence, marine growth, For special purposes. May be performed

measurement dent, out-of straightness, corrosion pit by ROV, but with
size. efc. limited capability

Stressdodef. Structural behavionr monitoring For special purposes.

monitoring

Radiography E.g. testing of hyperbaric welds Internal defects

6.4 Summary

All standards emphasize the importance of keeping records of performed in-service inspections,
maintenance and structural modifications of the platform. The synergy between different phases of
the structural integrity management is highlighted as one of the most important factors extending the
lifetime of the structure and increasing the safety of operations.

The standards also define Owner’s responsibility for preparation and proper execution of the
inspection program, which may result in decreased (or increased, depending on an outcome of the
evaluation and findings of the historical surveys) pre-defined frequencies for different levels of in-
service inspections. It is also highlighted that analyzing the inspection findings and implementing a
SIM program can reduce costs related to maintenance.

In the ISO and NORSOK standards more significant attention is given to the risk assessment and
probability based inspection methods. This approach often requires using of advanced analysis
methods and is aligned with current trends and developments in the field of structure integrity
management. The API current standard, representing more traditional approach, allows for the
adjustment of the inspection scope and frequency. However, it does not provide requirements for
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SIM. Detailed guidance for SIM and the Risk Based Inspection (RBI) planning will be
implemented into the API system in the planned AP1 RP-2SIM for publication in 2011 or 2012.

All standards also include list of preselected areas and minimum inspection requirements for
periodical inspections. These minimum requirements for floating installations should also be
reviewed and updated based on the requirements of the RCS classifying the vessel, if they are found
to be more conservative.
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Table 6-2 In-Service Inspection Requirements Comparison

APl RP 2A W3DI/LRFD 1ISO 19902 NORSOK N-005
14. SURVEY
14.3 SURVEY LEVELS 23 IN-S5ERVICE INSPECTION AND SIM 5 PROGRAMME FOR CONDITION MONITORING
LEVEL | LEVELI
Below water werification of perform ance of the cathodic protection system (i.e. dropped cell}, and an Below water verification of perform ance o fthe cathodic protection system (i.e. dropped cell}, and an The detailed condition menitoring pregramme of loadbearing structu res depends
abowve water vizual survey to determine the efiediveness of cormsion protection system, deted above water vizual survey to determine the effectiveness of corrosion protection system, detect on the dezign and mainenance philo=ophy, the current condition, the capability of

deteriorating coating =ystems, excessive corrozion, and bent, mizzing and damaged memberz. General Jdeteriorating coating 2ystem g, excessive comozion, and bent, mizsing and damaged members. General Jthe inzpection methods availible, and the intended u=e ofthe structure. The focus|
examination of all gtructural members in 2plagh zone and above water, concentrating on condition of examination of all gtructural memberz in gplagh zone and above water, concentrating on condition of zhould be put on the identified 2afety critical components, in addition to improving
the more critical areas such az deck legs, girders, truszesz, etc. the more critical areas such az deck legs, girders, truzses, etc. the accuracy and reliability of prediction of =tructural performance and in-zenvice
Survey =hould identify indications of obvious overloading, dezign deficiencies, and use inconsistent with|Survey =hould identify indications o fobvious overloading, dezign deficiencies, and uze inconziztent with]inzpedion methods.

the platform's original purpose. If above-water damage iz detected, NDT should be uzed when vizual |the platform’s original purpose. If above-water damage iz detected, NDT =hould be uzed when vizual

ingpection can't fully determine the extent of damage. inzpection can't fully determine the extent ofdamage.

Should Level | survey indicate that underwater damage could have occured, a Level 1l ingpection Should Level | zurvey indicate that underwater damage could have occured, a Level 1l inzpection
LEWVEL 11 LEVEL Il

General underwater vizual ingpection by divers or ROV to detect prezence of excezsive corrozion, General underwater vizual inzpection by divers or ROV to detect prezence of exceszsive corrosion,
accidental or environmental overleading, scour and =eafioor instability, fatigue damage, design or accidental or envirenmental overdoading, =cour and =eafloor inztability, fatigue damage, dezign or
conzstructruction deficiencies, prezence ofdebriz, and excessive marine growth. The =urvey =hould constructruction deficiencies, prezence of debriz, and exceszive marine growth. The 2ureey =hould
incude measzurement of cathedic potentialz of preselected crtical arsasz. include meazurement o f cathedic potentialz of pre-selected critical areaz.

Detection of zignificant structural damage during Level |1 2urvey should becom e the basiz for initiation |Detection of zignificant structural damage during Level |l 2urvey should become the basiz for initiation
of Level 1l zurvey, which =hould be conducted as =o0on az conditions permit. of Level Il =urvey, which =hould be conducted as =con az conditions permit.

LEWVEL 11l LEWEL Il

An underwater vizual ingpedion of preselected arsaz andior, bazed on resultz of Level Il 2urvey, areaz |4&An underwater vizual ingpection of prezeleded areasz and/or, bazed on resultz ofLevel Il 2urvey, areas
known or 2uspected damage. Such areas ghould be 2ufficiently cleaned of marine growth to permit known or suzpected damage. Such areas should be =ufficiently deaned ofmarine growth to permit
thomugh inspedction. FMD can provide an accepiable alternative to close vizual inspection (CWI1). CV1  |thorough inspection. FMD can provide an acceptable alternative to dose visual ingpection (CW1). CW1
for corro=ion monitoring ghould be included az part of Level [l 2urvey. for come=ion meonitoring =hould be included az part of Lewel [l sureey.

Detection of=zignificant structural damage during Level 11l 2urvey should become the basiz for initiation |Detection of =ignificant structural damage during Level Il 2urvey =hould become the baziz for initiation
of Level IV survey, where CVI alone cant not determine the extent of damage. Level IV survey, if of Level IV survey, where CVI1 alone cant not detemmine the extent ofdamage. Level IV survey, if
required, =hould be conducted as zoon as conditionz pemit. required, =hould be conducted az=oo0n as conditions permit.

LEVEL IV LEVEL IV

An underwater NDT of preselected areas and/or, based on regultz of Level Il survey, areas known or  |An undervater NDT of preselected areas and/or, based on results ofLevel Il survey, areas known or
zuzpected damage. Level IV =urvey =hould alzo include detailed inzpection and meazurementz of zuzpected damage. Level IV zurvey =hould alze include detailed inzpection and meazurements of
damaged areaz. damaged areaz.

A Level Il and/or Level IV 2urvey of fatigue-zenzitive jointz and/or areas su=ceptible to cracking could )& Level Il and/or Level IV sureey of fatigue-sensitive jointz and/or areas susceptible to cracking could
be neces=saryto determine ifdamage haz occured. M onitering fatigue-zenzitive and/or reported crack- |be neceszary to determine if damage has cccured. M onitoring fatigue-zenzitive and/or reported crack-
like indications, can be an acceptable aternative to analyctical verification like indications, can be an acceptable alternative to analyctical verification
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144 SURVEY FREQUENCY
Frequency of gsurveys are dependent upon the exposure categories ofthe platform for both life zafety

and conseguence of faliure conziderations.
Survey Intervals

23.7 DEFAULT PERIODIC INSPECTION REQUIREMENTS
In abzence ofan in-service structural ingpedion strategy, following default requirements shall apply.
These requirementz addresz onhy the concerns of sefeguarding life and protecting the environment.
Additional inspections can be needed to meet statutory requirem ents, owner's corporate policy or

4.3 CONDITION MONITORING PRINCIPLE &
Operator ghall monitor the condition of operated offehore ingtallation in
systematic manner, Thiz may include development of an overall philozophy and
strategy for condition moniterning, establizhing in-servce ingpection systems and

Exposure Category Survey Level industry standards/practices. Compliance with default requirem ents does not guarantee structural long term in=pection programs, stc..
Lewvel | Il 1] I reliability or fitnezz-for-purpoze. The condition monitoring programme ig =ubjed to continuous updating as It
L1 1yr 35 yrs 6-10 yr= * involvez many factors in the nature ofuncerainity 2uch az environmental
L-2 1y 510 yr= 11-15 vz * Survey Intervals conditions, failure probatilities, damage development, etc In addition, a revizion
L-3 1w 10 vz * * E xposure Level Inspedion Level ofthe programme may alzo be necessary ag a result ofdevelopment o ftools and
* sunvey should be performed if required, bazed on lower level ingpection findings | il 111 I methods.
L-1 Annual 3 W= Syr= *
Time interval between surveys for fixed platforms should not exceed the intervalz shown in table abowve, L-2 Annual o WTE 10 vra * 5.3 INTERVALS FOR CONDITION MONITORING
unless experience and/or engineering analyzes indicate that different intervalz are justified. Justification L-3 Annual Sy not required not required Periodic framework programme - ugually 3-S5 yvears

for changing guideline survey intervalz should be documented and retained by operator. Following
factors, which either increase or decrease survey intervals, should be taken into account:

* determined from Level Il ingpection resultz

Initial condition survey - within 1 vear after instalation
Ingpection requirem entz legs than default can be justified when an ingpection strategy iz developed and

1. Original designfazze=z=ment crteria m aintained. Periodic condition menitering - "=hall b& carried cut regularly”
2. Prezent structural condition

3. Service hizgtory of platform Special inspections

4. Platform structural redundancy Special ingpections shall be undertaken: to azsess performance of repairg undertaken to ensure the

S. Criticalness of platform to other operations fitness-for-purpose of strucdture, conducted approxim ately 1 yr after completion ofthe repair, and to

&. Platform location monitor known defects, dam age, local corrosion, scour, or other conditions which could potentially

7. Damage affect the fitnezs-for-purpose ofthe structure

8. Fatigue senzitivity

Unscheduled ingpections
Special Surveys

Lewel | survey should be conducted after direct exposure to a design environmental event.

Lewvel Il survey =hould be conduded a fter =evere accidental loading that could lead to structural
degradation {j.e. boat collizonn, dropped objects), or after an event exceeding the platform;z original
design/assessment critera.

Areas critical to the structural integrity ofthe platfiormn, which have undergone structural repair, =hould
be =ubjected to a Level Il survey approximately one vear following com pletition of the repair. A Level 1l
zurvey =hould be performed when exessive marine growth prevents vizual ingpection ofthe repaired
arsas.

Lewvel || scour surveys in scour-prone areas should take account of local experiencs, and are usually
more frequent than interalz indicated in table abowe.

An ingpection ghall be conducted as =oon as practical after the eccurrence of an envirenm ental event
exceeding that for which structure was designed or az=esz=ed, or ofa =ignificant accidental action. The
minimum gcope shall include the following: a vizual inspection without marine growth deaning that
provides full coverage from =ea fioor to top ofstructure, conductors, rizers, and various ap purtenaces,
and which includes checking the seabed conditions at leg=a/piles and looking for debriz and damage.

145 PRESELECTED SURVEY AREAS
Druring initial platform design and any sub=eguent reanalyzis, chtical members and jointz should be
identified to assist in defining reguirements for future platfiorm surweys. Seledion of critical areas should
ke bazed on such factors az joint and member lcads, strezses, stress concentrations, structural
redundancy, and fatigue lives determined during platformn design/assessment.

14.6 RECORDS
Records ofall =urveys should be retained by the operator for the life of platform. Such recordz =hould
contain detailed accounts of survey findings, including video tapes, photographs, measurements, and
other pertinent zurvey resultz. Records should alzo identify the survey levels performed.
De=scription ofdetected damage =hould be thoroughly documented and included with survey resufts.
Any rezulting repairz and engineering evaluations ofthe platform®s condition ghould be documented and
retained.

23.2 DATACOLLECTION AND UPDATE 6.4 INSPECTION RECORD
Record= of all original de=ign analyzes, fabrication, tranzportation, installation and in 2ervice Cperator =hall maintain an up to date filing 2ystem for rezultz and evaluations
ingpections, engineering evaluations, repaits, and incidents shall be retained by the owner for the life of | from condition monitoring program me throughout the lifetime ofinstallation. The
the structure and transferred to new owners as neces=ary. data may include video tape, ingpection log, firt hand ingpedion report,
evaluation and recommendations.

Such data record= should alzo indude toolkkitechnigues emplowved, planned and
actual 2cope ofwork and description of findings and any anomalies dizcovered.
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7 ASSESSMENT OF EXISTING PLATFORMS AND FLOATERS
7.1 General

Offshore structures have been built since the 1940’s in the GOM and around the world. Design codes
evolve as knowledge is attained through actual operational experience. The first Edition of API RP 2A
was published in 1969 with a total of 16 pages. The APl RP 2A 21% Edition of 2000 with supplements
added in 2002, 2005, and 2007 is now 274 pages long which indicates that considerable guidance and
experience have been accomplished. Naturally some existing structures will not meet the full
requirements of newer editions of the standards and hence the need for a methodology for the
assessment of these existing structures.

The assessment of existing structures methodology applies risk based principles and even though it
allows the use of reduced assessment design criteria compared to the criteria for design of a new
structure, it stipulates that the risks are managed effectively and that consequences of damage/or
failure are acceptable to the operators and regulators.

Table 7-1 depicts a comparison between requirements for assessment of an existing structure
compared to design criteria for a new structure covering environmental criteria, loading conditions,
foundation design, modeling, stress analysis, and acceptance criteria. The table demonstrates that for
assessment of existing structures actual platform data and experience is taken into account thus
eliminating some of the conservatism employed in design of a new structure. The acceptance of local
yield is possible for an existing structure provided alternative load paths through redundancy are
demonstrated by analysis.
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Table 7-1 Assessment versus Design Comparison

Design Criteria

Assessment Criteria

Environment

Forecast from existing data collection

As criteria for “new” platform, with inclusion of
recent data collection and use of :

- current state of art review
- experience from adjacent fields
- additional data from actual field sea-states

Loading Possibly conservative evaluation from proposed | Conservative evaluation from as-built records
use of structure and use of recent survey info on:
- marine growth
- appurtenances
- removals/additions/modifications
- topsides weight control
- wind areas
Foundation Forecast from site investigation and laboratory | As criteria for “new” platform with inclusion of;:
testing of soils - subsidence information
- current state-of-the-art review
- experience form adjacent fields
- post-drive foundation analyses
- scour survey and maintenance
Modeling Topology and dimensions may be changed. No | The structure dimensions are fixed and known.
service inspection available.  Conservative | In-service inspection may be applied. Actual
modeling using global percentages to cover not- | characteristic strength of steel based on actual
finalized details and simple geometric assumptions | material certificates may be used.
Structural performance may have been
measured and used to update structural analysis.
Stress The time for analysis is critical. Strict compliance | The quality of the analysis is critical. Sufficient
Analysis with code of practice and regulatory documents. time for model tests, removing of conservatism
where  possible, redundancy studies to
determine ultimate strength of structure and
foundation, sensitivity studies on various
parameters to improve confidence levels
Results Structure has members and joints with acceptable | Structure has some stresses up to yield stress,
Evaluation utilization. but some assessment standards allow for some

yielding if the structure has proven strength and
redundancy.
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7.2 API RP 2A and Bulletin 2INT-EX

This standard gives detailed existing structures assessment procedures included in Section 17 of API
RP 2A and its commentary section. Section 17 defines reduced design criteria for assessment purposes
that are applicable only for the assessment of platforms designed in accordance with the 20" or earlier
editions and prior to the first edition of APl RP 2A. The specified reduced environmental criteria are
not intended to be used to justify modifications or additions to a platform that will result in an
increased loading on the structure for platforms that have been in service less than five years. For
structures designed according to the 21° or later Editions, assessment is required to be in accordance
with the criteria originally used for the design of the platform, unless a special study can justify a
reduction in Exposure Category as defined in Section 1 of API RP 2A.

The trigger elements of selection of platforms for assessment, categorization of safety level for the
installation and condition assessment in APl RP 2A do not differ from those given in 1SO 19902. The
assessment process is depicted in the flow charts given in Figure 7-1 and Figure 7-2 taken from
Section 17 of API RP 2A.

As stated in Section 2.2.1 API issued Bulletin 2INT-EX in order to provide guidance to operators and
designers on the application of the new Metocean criteria given in APl Bulletin 2INT-MET which had
significant wave height increase of ~ 30% in the central region. The Bulletin described assessment
ultimate strength procedures and recommended a minimum reserve strength ratio (RSR) of 1.2 for A-1
or L-1 structures. The RSR is defined as the ratio of the ultimate lateral load the structure can sustain
before collapse to the base shear calculated for the 100-year Metocean condition.

Both API RP 2A Section 17 and API Bulletin 2INT-EX will be replaced by the upcoming API RP
2SIM which will employ Structural Integrity Management (SIM) and Risk Based Inspection (RBI)
methodologies in performing the assessment. .

There are two potential sequential analysis checks mentioned in APl RP 2A WSD, a design level
analysis and an ultimate strength analysis. The analysis itself seems to be the same as mentioned in
ISO 19902, but the environmental loads are different. The environmental load in APl RP 2A may be
reduced to 85% of the 100-yr condition for high consequence platforms, and to 50% for low
consequence platforms in other U.S. areas except GoM. API states that the design level analysis is not
applicable for platforms with inadequate deck height and the one-third increase in allowable stress is
permitted for design level analysis (all categories).

As defined above, in the ultimate strength analysis, the Reserve Strength Ratio (RSR) is the ratio of the
platforms ultimate lateral load carrying capacity to its 100-yr environmental condition lateral loading.
As noted in Figure 7-1, an RSR of 1.6 is required for high consequence platforms and 0.8 for low
consequence platforms in US waters other than the GOM. No RSR values are specified however for
the GOM structures. Instead the ratio of the maximum wave height corresponding to ultimate capacity
and the design wave height is evaluated to be about 1.3. The reduced assessment criteria are given the
Commentary to Section 17 as shown in Table 7-2 for 400 ft. water depth.
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Table 7-2 Comparison of Wave Criteria for New L-1 and Assessment Criteria

‘Wave Height Criteria
Gulf of Mexico, 400 ft. Water Depth*
Design Level Assessment Height / Ultimate Strength Assessment
APIRP 2A Criteria Annual Return Period Height / Annual Return Period
New Design (Section 2, L-1) 70 ft/ 100 yr. Not Applicable
A-1 High (Section 17) 57 ft /30 yr. 74 ft. /200 yr.
A-2 Medium (Section 17) 48 ft/ 15 yr. 62 ft. /45 yr.
A-3 Low (Section 17) 38 ft/<10vyr 48 ft. /15 yr.

The requirement to deck elevations versus water depth is provided for GoM in API Figures 17.6.2-2b
17.6.2-3b. The following guidelines are recommended in the code:

1.

The ultimate strength of undamaged members, joints, and piles can be established using the
formulas of Sections 3, 4, 6 and 7 (API) with all safety factors removed. The ultimate strength
of joints may also be determined using a mean “formula or equation” versus the lower bound
formulas for joints in Section4 (API).

The ultimate strength of damaged or repaired elements of the structure may be evaluated using
a rational, defensible engineering approach, including special procedures developed for the
purpose.

Actual (coupon test) or expected mean yield stresses may be used instead of nominal yield
stresses. Increased strength due to strain hardening may also be acknowledged if the section is
sufficiently compact, but not rate effects beyond the normal (fast) mill tension tests.

Studies and tests have indicated that effective length (K) factors are substantially lower for
elements of a frame subjected to overload than those specified in 3.3.1d (API). Lower values
may be used if it can be demonstrated that they are both applicable and substantiated.

In addition, three alternative assessment procedures subject to specified limitations are considered as
acceptable:

assessment of similar platforms by comparison
assessment through the use of explicit probabilities of failure

assessment based on prior exposure, surviving actual exposure to an event that is known with
confidence to have been either as severe or more severe than the applicable ultimate strength
criteria based on the exposure category

The assessment process described in Section 17 of API RP 2A WSD and API Bulletin 2INT-EX
include significant detail covering initiators, categories A-1 to A-3, surveys, environmental loading,
structural analysis, and mitigation alternatives. The assessment also includes fatigue, and strength
evaluations. The ultimate strength analysis is only required to determine the RSR as stated above.
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PLATFORM SELECTION

assesament initiators
exist? is2e Section 17.2) ar
Is there a regulatory
requirement for
assessment?

Asgeggment nol required

Table 17.5.23—-ASSESSMENT CRITERIA-LLS. GULF OF MEXICO

fsea Table 176:21)
Sezeeaman Eposure Cadegory Dresian Lewel Analysis Uktirmate Strength
ot .
agqory of F Lif= Safaty {se= Notes 1and 2) Analysis
Mannad- High Corsequenca High Consequence
CATEGORIZATION at 9 0 5
{ses Section 17.3] &1 High E“:;"I_E:g_f”at‘?d. d95|gr! leval . umma.te stre!'ugth
Evacuated ar analysis loading analysisloading
* Unmanned fsesz Figura 176.2-23) {sze Figure 17.6.2-2a)
— Manned Sudden hurricane Suddan hurricane
Assessment category based on: 52 i design kevel ultirrate strength
Life safety, Consequence of Failure Elu:r:z::::dm analysis loading analysi lcading
+ {se=Figure 176.2-3a) {s=e Figure 17.6.2-3a)
Minimurm conssquance Minimurn consaquence
Life Safety design kvel analysis ultirmiate strength
A3 Lo Unmarined loading analysi lcading
+ Manned-Non-Evacuated {se= Figure 176.2-5a) {see Figure 17.6.2-5a)
+ Manned-Evacuated
. L d
nmanne Table 17.5.2b—ASSESSMENT CRITERIA-OTHER U.5. AREAS
+ foea Table 176.22)
Exposuns Jategory
Consequence of Failure "'3{?5“5"1 D{Emu;emuﬁﬁ u1l7l:11e&rmg1h
e Motes
— sgory  |Cans=au Lite Safety dysis
« High Conssquence -
« Medium Consequence Mannad- f:::eoélba;e]r;ljl-nadlrrg Ressrve strength ratic
A1 NonEvacuated : year {RSFI* 16
« Low Conssquence High ervironmental conditions ;
o ; {see Saction 176.2h)
+ Unmanned (see Saction 17.6.20)
50% of lataral loading 5RO
CONDITION ASSESSMENT A3 Low Unmanned caused by 100-year (see Saction 17.6.2b)
{see Section 17.4) emvironmental conditions e saalon
(see Saction 17.6.20)
Naotes 1. Design level anabysis not apglicable for platforms with inadequate deck height.

platform damaged,
deck height inadequate,
or has loading increased 7
{see Section17.6,
17.7)

Is
platforrm unmanned and
low consequence?

2. One-third increase in allowa ble stress is parmittsd for design kel anabysis (&l categonies).

Assessment not required

Figure 17.5.2—Platform Assessment Process—Metocean Loading

Figure 7-1 Platform Assessment Process
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DESIGN BASIS CHECK
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|see Section
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modified in Section 17.7

|

Design Level Analysis

Perform design level analysis
applying proper loading f:'rzm
Table 17523, b

(see Notes 1,2 and Section 17.7)

Passes

Platform
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assessment

Implement
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(see Section 17.8)
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Table 17.5.2a, b {see Section 17.7)
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i
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i
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Figure 17.5.2—Platform Assessment Process—Metocean Loading (Continued)

Figure 7-2 Platform Assessment Process (Continued)
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7.3 1S0O 19902 (2007)

Assessment of existing structures is covered in Clause 24 of 1SO 19902. It states that the owner shall
maintain and demonstrate the fitness-for-purpose of the structure for its specific site conditions and
operational requirements. A structure is deemed fit-for-purpose when the risk of structural failure
leading to unacceptable consequences is sufficiently low. The acceptable level of risk depends on
regulatory requirements supplemented by regional or industry standards and practice. The aims and
procedures are applicable to the assessment of existing fixed steel offshore structures as well as
topsides structures. The 1ISO 19902 states that it is permissible to accept limited individual component
“failure” for existing structures, provided that both the reserve strength against overall system failure
and deformations remain acceptable. The ISO 19902 assessment procedure includes both a check of
the ultimate limit state and the fatigue limit state.

A flow chart of the assessment is shown in Figure 7-3 (see ISO 19902 Fig. 24.2-2). Three potential
assessment checks are specified in order of complexity:

a) Screening the structure in comparison with similar structures
b) Design level analysis: a check of the structure following the same approach as for a new design

¢) Ultimate level analysis: intended to demonstrate that a structure has adequate strength and
stability to withstand a significant overload. Local overstress and potential local damage are
acceptable, but total collapse or excessive/damaging deformations shall be avoided.

Further details of the assessment initiators, acceptance criteria, platform condition, actions, resistance,
and screening, design level, ultimate strength assessment parameters are given in the Table 7-2. 1SO
does not give any specific requirement to the reliability of existing platforms. The owner needs to
develop them in addition to the code. Making reference to only ISO can lead to any level of safety.
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Figure 7-3 Flow chart of the assessment process
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7.4 NORSOK N-006

This standard was first published in 2009 and covers general principles and guidelines for assessment
of existing offshore structures as a supplement to high level NORSOK N-001. NORSOK N-006
should be used in conjunction with NORSOK N-003, NORSOK N-004 and NORSOK N-005 on
actions, design, and condition monitoring of offshore structures, respectively.

The general principles given in this standard are applicable to:

o All types of offshore structures including bottom founded structures as well as floating
structures

e Different types of materials used including steel, concrete, aluminum, etc.

e The assessment of complete structures including substructures, topside structures, vessel hulls,
foundations, marine systems, mooring systems, subsea facilities and mechanical outfitting that
contributes to maintain the assumed load conditions of the structure

The initiation elements for selection of platforms for assessment for the installation and condition
assessment do not differ much from those given in ISO 19902 and API RP 2A.

The flow chart of the assessment process is shown in Figure 7-4 and it is applicable to all relevant limit
states. The same principles for check of ULS, ALS and FLS as for design of new structures apply to
assessment of existing structures.

There is some special guidance in this standard not covered in APl and ISO:

e The resistance of damaged steel members and corroded steel members can be calculated
according to NORSOK N-004, Section 10

e Resistance to cyclic storm actions included in Section 8.4
e Risk based inspection is included in Section 9.

e Existing facilities where the primary structure does not meet the criteria for ULS or ALS
related to environmental actions that can be forecast like wave and wind actions, may continue
to be used if the following four requirements are fulfilled:

» shut-down and unmanning procedures are implemented. The procedure for shut down
and unmanning should meet criteria given in 6.3.

» requirements to unmanned facilities according to NORSOK N-001 are satisfied.

» the environmental actions will not jeopardize any other main safety function (other than
structural integrity) relevant for the facility during the storm, see 6.4

» the risk of significant pollution is found acceptance. see 6.5
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Figure 7-4 Flow Sheet of the Assessment Process
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More detailed comparison of the assessment requirements is given in Table 7-3 for the three codes and
methods for assessing damaged/corroded members and damaged joints are presented in Table 7-4 for
the 1ISO and NORSOK. No such guidance is given in API. It should be noted that unlike API and ISO,
NORSOK does not allow lower assessment criteria than the highest L-1 or A-1 for manned platforms.
However, in N-001 relaxed requirements are formulated to for platforms that are normally unmanned.

7.5 Summary of Assessment of Existing Platforms Comparison

The methodology for assessment of existing structures applies risk based principles. Reduced
assessment design criteria (compared to the criteria for design of a new structure) are specified in API
2A Section 17.

The 1SO 19902 does not have reduced assessment criteria but allows local damage to be sustained
provided reserve strength is verified. NORSOK requires that existing structures be able to resist ULS
and ALS conditions at same safety level as new structures. If they fail to meet these requirements,
mitigation measures must be implemented. 1ISO does not give any specific requirements for assessment
of existing structures.
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Table 7-3 Assessment of Existing Platforms and Floaters Comparison

DWW

API RP 2A- WSD Section 17 (To be replaced by APl RP 2SIM)

1SO 19902

NORSOK N-006

Only for the assessment of the following platforms:
- designed in accordance with the provisions in the 20th and earlier editions
- the platforms designed prior to the first editions

- the assessment of existing fixed steel offshore structures to demonstrate their fitness-for-|
purpose
- also applicable to topsides structures

- applicable to all types of offshore structures, including bottom founded structures as well
as floating structures; As the majority of ageing facilities are fixed structures of the jacket
type, the detailed recommendations given are most relevant for this type of structure;
- applicable to different types of materials used including steel, concrete, aluminium;

Platform Assessment Initiators

Definition of Significant: The total of the cumulative changes in greater than 10%

- Additional of personnel: life safety level changed to a more restrictive level

- Addition of facilities: addition of facilities or the consequence of failure level changed significantly

- Increased loading on structure: the new combined environmental/operational loading significantly increased

- Inadequate deck height: platforms with inadequate deck height for its exposure category and not designed for the impact of
wave loading on the deck

- Damage found during inspections: significant damage to primary structural components found during any inspection

£ - fit-for-purpose when the risk of structural failure leading to unaccepatble consequences is
2 sufficiently low. - applicable to the assessment of complete structures including substructures, topsides
-‘é structures, vessel hulls, foundations, marine systems, mooring systems, subsea facilities
=5 and mechanical outfitting that contributes to maintain the assumed load conditions of the
structure
1. Platform selection (Section 17.2) 24.2 4.1
2. Categorization (Section 17.3) a) assemble data on the structure, its history and exposure lewvel, see 24.3 - design, fabrication and installation resume and as-built drawings
» |3. Condition assessment (Section 17.4) b) determine if any assessment initiators are triggered, see 24.4 - doucmentation of as-is condition
% 4. Design basis check (Sections 17.5 and 17.6) c) determine acceptance criteria, see 24.5 - planned changes and modifications of the facility
© |5. Analysis check (Sections 17.6 and 17.7) d) assess the condition of the structure, see 24.6 - updated design basis and specifications
9; 6. Consideration of mitigations (Section 17.8) e) assess the actions, see 24.7 - calibration of analysis models to measurements of behavior if such measurements exist
& f) screen the structure in comparison with similiar structures, see 24.8 - the history of degradations and incidents
E g) perform a resistance assessment, see 24.9 using - prediction of future degradations and incidents
§ 1) design lewvel analysis - the effect of degradation on future performance of the structure
2 2) ultimate strength level analysis - a documentation of technical and operational integrity
3) prevention and mitigation, see 24.10 - planned mitigations
- a plan or strategy for the maintenance and inspection
Section 17.2 24.4 4.2

a) Changes from the original design or previous assessment basis, including

1) addtion of personnel or facilities

2) madification to the facilities

3) more onerous enviromental conditions and/or criteria

4) more onerous component or foundation resistance data and/or criteria

5) physical changes to the structure's design basis, e.g. excessive scour or subsidence
6) inadequate deck height, such that waves associated with previous or new criteria will
impact the deck, and provided such action was not previously considered.
b) Damage or deterioration of a primary structural component
c) Exceedance of design service life

- the fatigue life (including safety factors) is less than the required extended senvice life

- degradation of the structure due to corrosion is present, or is likely to occur, within the
required extended senice life
An extension of the design service life can be accepted without a full assessment
if inspection of the structure shows that timeb-dependent degradation (i.e. fatigue
and corrosion) has not become significant and that there have been no changes
to the design

a) changes from the original design or previous assessment basis, including

- modification to the facilities,

- more onerous environmental conditions and/or criteria,

- more onerous component or foundation resistance data

- physical changes to the structure's design basis

- inadequate deck height

b) damage or deterioration of a primary structural component or a mechanical
component

c) exceedance of design service life, if either

- the remaining fatigue life (including design fatigue factors) is less than the required
extended senice life

- degradation of the structure beyond design allowances, or is likely to occur within the
required extended senice life

Platform Assessment Categories

Section 17.3

Assessment categories based on: Life safety, Consequence of failure

Life Safety

- Manned-Non-Evacuated

- Manned-Evacuated

- Unmanned

Consequence of failure

- A-1 - High Assessment Category: existing major platforms and/or those platforms that have potential for well flow of either oil
or sour gas in the event of failure; All platofrms in water depths greater than 400 ft are considered A-1

- A-2 - Medium Assessment Category: exisiting platforms where production would be shut-in during the design event; exisitng
platforms that do not meet the A-1 or A-3 definitions

- A-3 - Low Assessment Category: exisiting platforms where production would be shut-in during the design event;

24.3.2
Acceptance criteria for assessment depend on the exposure level of the platform.

Table 6.6-1 — Determination of exposure level

Consequence category
Life-safety category 1 High 2 Medium €3 Low
consequence consequence consequence
21 Manned non-evacuated L1 Li L1
52 Manned evacuated L1 L2 L2
53 Unmannead L1 Lz L3

NORSOK defines lower safety factors for uynmanned platforms

Condition
Assessment

Section 17.4

- Topsides - only require the annual Level | survey: topside arrangement and configuration, platform exposure category,
structural framing details etc.

- Underwater - Lewel Il survey

- Soil Data - Available on- or near-site soil borings and geophysical data should be reviewed.

24.6

- Topsides surveys

- Underwater and splash zone surveys: Level Il inspection as a minimum

- Foundation data: available on-site or near-site soil borings shall be reviewed.

See 4.1
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Section 17.5, 17.6 and 17.7
Methods for determining acceptance criteria
1) design lewvel analysis
2) ultimate strength analysis
3) assessment of similar platforms by comparison
4) assessment through the use of explicit probabilities of failure
5) assessment based on prior exposure, suniving actual exposure to an event that is known with confidence to have been
sither as severe or more severe than the applicable ultimate strength criteria based on the exposure category

- Methods for determining acceptance (24.5)

a) through the use of explicitly calculated probabilities of failure

b) through risk based structural reserve strength ratio factors (RSR) developed for location
specific and generic structure exposure level

¢) by comparison with similiar platforms, a structure shall not be considered as fit-for-
purpose by comparison to a similiar structure which itself has been determined to be fit-for{
purpose by comparison to another structure

d) based on prior exposure, e.g. sunvival of an event that is known with confidence to have
been as sewere as, or more severe than, the event that would be considered in the actual
ultimate system strength analysis

Acceptance criteria may be dewveloped for different exposure lewels in terms of

- reduced actions to be applied in the assessment, e.g. corresponding to shorter return
periods

- revised resistance criteria, e.g. reduced RSRs

Exsiting structures shall meet the requirements of NORSOK N-001.

Exisiting facilities where the primary structure does not meet the criteria for ULS
or ALS related to environmental actions that can be forecast like wave and wind
actions, may continue to be used if the following four requirements are fulfilled:
- shut-down and unmanning procedures are implemented. The procedure for shut down
and unmanning should meet criteria givein in 6.3.

- requirements to unmanned facilities according to NORSOK N-001 are satisfied.

- the evironmental actions will not jeopardize any other main safety function (other than
structural integrity) relevant for the facility during the storm, see 6.4

- the risk of significant pollution is found acceptable. see 6.5

Assessment for Metocean Loading

Table 17.5.2b—ASSESSMEMNT CRITERIA—COTHER LL5. AREAS

{oon Tehla 17 62.2) Table 17.5.2a-ASSESSMENT CRITERIA-U.5. GULF OF MEXICO

{aea Tabla 176.21)
[rm— Expasum Gt gory. Deign Lenoed Arialysis. Utimate Srength Je— Expasure CHagony Design Level Analysis Ultimate Strength
Cafagary Ct:"w Life Sty foon Mates 1 and 2) Sndyss Cetegary (Consmouence || sataty se2 Notes 1and 2) Analysis
- Mannad- High Comse quence High Consequence
Manriad- f::‘:;::‘l':g“d"g Pasarva strangth ratic A bgn | Aorensted | design vl ukirtestrencth
a1 High HorrEvacustsd " L FEF) s Evacuated or analysis loading analysis loading
o anvronmanty conditians {s2a Saction 1782k} Unman ise=Figure 176.2-23) fsee Figure 17.62-2a)
Unmanned [sa0 Section 17.6.2) : Suckden hurricane Sudden hunicane
_ 2 ’E"”““e”'d design evel uktimate strength
50% of htaral lcading J— edun U":':‘:‘?r;w analysis loading analyss leading
. Low IT— caufadb( 100 oae Soction 178,25} ise=Figurs 1756.2-3a) {s=e Figure 17.6.2-33)
amviermantal cenditions i Minimum conssquence Minimum consequence
lsee Section 17.6.2b) A3 Low y - design keval analysis ultimate strength
: nman i L
Motas 1. Dasign lavel analysis not applicabla for platfarns with inadsquata dack height ';::'F”,gu,e S f;i":;u‘ff‘,"fba,
2 Onethid incazsain allowabls stress i parmicted far design leval analysiz (all categerias).

\otes: 1. RSR - defined as the ratio of a platform's ultimate lateral load carrying capacity to its 100-yr L-1 environmental condition lateral loading,
:omputed using present API RP 2A criteria for new design as contained in Section 2.

2. The assessment process described herein is applicable for areas outside of the U.S., with the exception of the use of the reduced criteria w hich are

ipplicable for indicated U.S. areas only.

Table 17.6.2-1—U.5. Guif of Mexico Metocean Criteria

Al Al A3
Full Population Hmeanes Sudden Huricanas Winter Stoums
DesiznLevel  Ultmate Swength  Desgnlevel Ultimate Swength  DesiznLevel  Ultmate Strength
Crteria Analy=is Anzlyas Analy=is Analysis hysis Amalysis
Wave height and storm tide. fi Fig. 17.6.2-2a Fig. 17.46.2-3a Fig 17.6.2-3a Fig. 17.6.2-5a Fig. 17.5.2-5
Deck height, & Fig. 1762-7b Fig 176.2-3b Fig. 17.62-3b Fig 17.6.2-5b Fig 17.6.2-5b
Wave and current direction Ompd-directional® Ommpi-dirertional**  Fig 17.6.2-2 Crnni-directional  Omni-directional
Current speed. knots L6 13 18 0g Lo
Wave period. seconds 121 113 5 10.5
Wind speed (1 br @ 10 m), knots 63 55 0 45
O, 1 = [2ters

o cumment versus direction excesds that required by Secton 2, L-1 criteria for pew designs, then the Sector 1 critera will govern
**If the wave height or current versus direction sxceeds that required for widmare-smergth analysis, then the ulimate-smength critena will govem

Notes: 1. Both hurricanes and winter storms are important to the assessment process. In calculating w ave forces based on Section 2.3, a w ave
dnematics factor of 0.88 should be used for hurricanes, and 1.0 for winter storms.

Table C17.1-1—Comparison of Section 2 L-1 Wave Criteria and Section 17 Wave Criteria for 400 fi. Water
Depth, Guif of Mexico

TWave Haight Cntenia
Guulf of Memeizo, 400 £ Water Depth®

- Metocean parameters and Evrionmental Actions (24.7.2)

The Matocean data required for an assessment are the same as for a new structure
design, as are environmental design situations and actions. In some cases, a reduced
return period may be considered for assessment, see Clause 24.5.

- Deck Elevation and Additional Environmental Actions (24.7.3)
If wave inundation of the deck is expected, resistance assessment shall be based on
ultimate strength analysis.

- Design Level Analysis
1. The assessment of strucrtural members shall comply with the requirements of Clause
13;
2. Assessment of structural connections shall comply with the requirements of Clauses
14 and 15, with the following exceptions:
- there is no requirement for joint strength to be limited to its brace member strengths.
- the strength of ungrouted and grouted joints may be based on experimental or
analytical studies
3. Fitness-for-purpose
If all components within the structure and foundation are assessed to hawe utilizations
less than or equal to unity, the structure may be considered to be fit-for-purpose, and no
further analysis us required.

- Ultimate Strength Analysis
1. Local overstress and potential local damage are acceptable, but total collapse or
excessive/damaging deformations shall be awoided.
2. Reserve Strength Ratio:
Rgrs = Fcollapse/FlOO

where: Feonapse is the unfactored global environmental action which, when co-existing
unfactored permanent and variable are added, causes collapse of the structure

F100 is the unfactored 100 year global environmental action calculated in
accordance with Clause 9.
3. If the minimum RSR value calculated from the the ultimate strength analysis meets
or exceeds the acceptance criteria from 24.5.1, the structure may be considered to be
fit-for-purpose, and no further analysis is required.
4. In the absence of specific acceptance criteria, fitness-for-purpose shall be assessed

ULS and ALS (section 8)

- The same principles for check of ULS and ALS as for design of structures as given in
NORSOK N-001, NORSOK N-003 and NORSOK N-004 apply to assessment of exisitng
structures.

- Effects of degradation of the structure (e.g. corrosion, wear or damages from impacts)
need to be properly monitored and accounted for in the assessments.

- Resistance of damaged steel members can be calculated according to NORSOK N-004,
Section 10.

- The action and material factors according to NORSOK N-001 shall be used for structures
that are assessed according to N-006.

- Structures that are checked in ULS and ALS by use of linear analyses need normally not
to be checked for cyclic failures during a storm.

- Further cyclic checks are usually not required in cases where the structural resistance is
restricted to all of the following requirements:

1) no structural components will experience local or global buckling determined according
to NORSOK N-004

2) tubular joints are not utilized above the capacity in NORSOK N-004 (first crack limit)

3) no plastic mechanism is formed

4) no part of the foundation has reached the ultimate soil capacity

5) joints are, by inspection, proven to be free from fatigue cracks or the

calculated fatigue loading is negligible

- The cyclic check of the dimensioning storm should be made on low
probability characteristic actions and 5% fractile resistance according to
NORSOK N-001.

- No DFF should be applied when checking the cyclic storm actions.

FLS (section 7 and 9)
- Exsting facilities where structural details do not satisfy the criteria for FLS

P Y ——— e — p— ! - : ’ may continue to be used if requirements in Clause 7 and Clause 9 are fulfilled.
AFTRE 2A Criteria = Al Fation Peatiod - Height -m“fﬂﬂ;;‘;;n}ma against the RSR value required for a new structure with the same exposure level and in - Clause 7: Check of fatigue limit states (FLS)
New Desiga (Section 2, L-1) W&/ 100y, Not Applicable the same location. The fatigue life is considered to be acceptable and within normal design
A1 High (Section 17) T8/ W T4 & f200yx Table A.9.9-1 — Values of partial action factor j; - and RSR to achieve target <?r|te_r|a if the calculated fatigue life is longer than the total design senvce
A2 Madium (Secticn 17) 48 /15y 62 /45y failure rate P; < 3 x 10%/yr for new manned installations (exposure level L1) life t'm?s the DFF. . . .
- N . R Otherwise a more detailed assessment including results from performed
A-3 Low (Section 17) 3B#/=10y 48815y Environment Partial action factor, » ¢ Mean RSR measurements of action effects and/or inspections throughout the prior senice life is
* Wave heights and rettum periods for other water depths and in other resions will differ required.
AUS 1,59 2,18 . . . L .
- Clause 9: Requirements to in-senice inspection after assessment
A platform ow ner should take into account the higher risk of platform failure in extreme hurricanes, in comparison to new design, w hen using the NS 1,40 1,92 1) Inspection intervals shall be adjusted to take into account an increased
educed Section 17 criteria. likelihood of fatigue cracks as more fatigue damage is being accumulated.
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Table A.9.9-2 — Values of partial action factor, j - and RSR to achieve target failure
rate P; < 5 < 10°%/yr for new unmanned installations (exposure level L2)

Environment Partial action factor, j; ¢ Mean RSR
AUS 117 1,60
GoM 1,17 1,60

NS 1,09 1,49

It is emphasized that the results in Table A.9.9-2 relate to new, unmanned (evacuated)
structures.

For exisitng structures, the criteria may be relaxed, provided the risk is kept as low
as reasonably practicable.

Fatigue Limit State
- the results of a fatigue assessment in accordance with Clause 16 shows that the
fatigue lives of all members and joints are at least equal to the total design senice

life, and the inspection history shows no fatigue cracks or unexplained damage

- a fatigue assessment in accordance with Clause 16 has identified the joints with

the lowest fatigue lives and periodic inspection of these joints finds no fatigue cracks

or unexplained damage

- where fatigue lives of any members and joints are calculated to be less than the total
design senvice life of the structure and fatigue damage has been identified, the structure
may be assumed to be fit-for-purpose, provided consenative fracture mechanics

pre

DWW

2) The time interval for inspection shall be planned such that potential fatigue

cracks can be detected with a large certainty before they grow so large that

the integrity of the structure is endangered.

3) Components where a failure can lead to sustantial consequences and have

passed their fatigue design life shall be inspected by an appropriate NDT method.
These components shall have a maximum inspection interval of 5 years if calculated
interval gives a longer period.

4) If there is less than 5 years of corrosion allowance for the components that have
experienced significant corrosion, corrosion inspections are required at intervals not
exceeding 2 years.

5) Risk based inspection may be recommended for planning of in-senice inspection for
fatigue cracks.

6) The acceptance criterion when planning in-senice inspection for fatigue cracks based
on RBIl is depending

on consequence of failure. The risk of a structural failure due to fatigue cracks should not
be larger than risk

of other failure modes.

- Methodology for low cycle fatigue of joints is given in 8.4.

- Assessment for Seismic Loading

1. Assessment for seismic loading is not a requirement for seismic zones 0, 1 and 2
2. Assessment for metocean loading should be performed for all seismic zones

3. Perform assessment for ice loading, if applicable.

discowered, or any other information regarding site seismic hazard characterization has been developed that significantly
increases the level of seismic loading used in the platform's original design

5. Design level analysis - to be an operator's economic risk desicion and not applicable for seismic assessment purposes.
6. Ultimate strength analysis - is requiremed if the platform does not pass the design level check or screening; Level A-1
platforms withstand loads associated with a median 1000-yr return period earthquake without system collapse; Level A-3
platforms withstand loads associated with a median 500-yr return period earthquake without system collapse

4. Design basis check - the platforms are acceptable to seismic loading if no significant new faults in the local area have been

- Seismic design consideration (24.7.4)

The considerations are as given in Clause 11.

A two-lewvel seismic design procedure shall be followed:

- Ultimate limit state (ULS) for strength and stiffness when subjected to an extreme lewel
earthquake (ELE), from which it should sustain little or no damage.

- Abnormal level earthquake (ALE) to ensure that it meets reserve strength and energy
dissipation requirements. The strutcure may sustain considerable damage from ALE, but
structural failures causing loss of life and /or major enviromental damage shall not be
expected to occure.

- Assessment for Ice Loading
follow APl RP 2N for guidance on the selection of appropriate ice criteria and loading

- Ice Conditions and Actions due to Ice (24.7.5)
Guidance on ice conditions and actions due to ice is given in ISO 19901-1 for certain
areas.
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Table 7-4 Damaged Members Formula Comparison

ISO 19902: 2007

NORSOK N-004

Stress/ Stress/
Parameter Formulation Limits Parameter Formulation Limits
13.7 Dented tubular members
13.7.2.2 A¥IAL TENSION 10.6.2 AXIAL TENSION
Tty =Tin T = fiflaa Tara = 1.05,f =1, Mag == Magnerma = Aot T =113

T = the member axial tensile force

A = the cross-sectional area of the undamaged section
Tra = the partial resistance factor for axial tensile strength for dented members

MNzy = design axial force
Mertrra = design axial tension capacity of the dented section
A, = cross-sectional area of the undamaged section

13.7.2.3 AXIAL COMPRESION
Tcdmpm Geas Toolrca Trca= 1.18
0. = the axial compressive stress due to forces from factored actions on the undamaged cross-section
P = the member axial compressive force
f. 4 = the representative axial strength of dented members, in stress unit
Yara = the partial resistance factor for axial compressive strength for dented members

Column Buckling
foa=Tan for Ayl = 0.001
foaffoe + oo Ag (AY - DO0ILIIOF /(G Foa)im i Z] = 1.0 for Ayil = D.001

Ay = the maximum out-of-straightness of the dented member
L = the unbraced member length, in place of buckling which coincides with the plane of Ay
iz 40 = the representative axial compressive strength of dented members when AwL =0.001
fene= (1—0.2?8.1,,2] Efe =134
0.9 & f,/0 hy =134
f, = the representative bending strength as defined in 12.2.4, in stress units
f. o = the Euler buckling strength of the dented member, in stress units
fe,d =" EAKLIr,F
Ze = the elastic section modulus the undamaged members

Ay = (fffea)’™  the slendemess parameter of the dented member
K4 = the effective length factor of the dented member, which may be assumed to be the same as that for the umdamaged
member as defined in 13.2.3.2

Ty = (lglhg) the radius of gyration of the dented member
ly=Eq, 1, the effective moment of inertia of the dented cross-section
lo = the moment of inertia of the undamaged member, as definedin 13.2.3.2

Ay =E. A the effective cross-sectional area of the dented section
A& = the cross-sectional area of the undamaged section, as defined in 13.2.32

B = glmEne for hit = 10.0
E, = gooEnt for it = 10.0
h = the maximum depth of the dent

t = the thickness of the member

10.6.2.2 AXIAL COMPRESSION

Mza = Maentiera =Maent o T e =115
Maente = (1.0-0.283,7 )5 F,A, for iy = 1.34
0.9 E £, Adhs for iy = 1.34

Mgert e ma = dEsign axial compressive capacity of the dented section
M = charateristic axial compressive capacity of dented member

dent,c
Ao = (BB 2y reduced slendemess of the dented member
Ao = reduced slendemess of undamaged member
B =g™m for hit = 10.0
E. =g M for hit< 10.0
& = dent depth

t = wall thickness

[
\
-
=l
Y
Y
hS
\
-.
‘-\.

(]

Figure 10-1 Definition of axes for dented section
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SO 19902: 2007

NORSOK N-004

Stress/
Parameter

Formulation Limits

THESS
Parameter

Formulation

Limits

13.7.2.4.2 Positive Bending

10.6.2.3 Bending

O pa=M1Z, < flaps Yrea =105

Mza £ Magnema = En Mgg
Mra

if the dented area acts in compression
othenwise

fbb = the representative bending strength defined in 12.2.4, in stress units

¥ ugq = the positive bending stress due to forces from factored actions with respect to the undamaged cross-section
Yana = the partial resistance factor for bending strength for dented members

13.7.2.4.3 Negative Bending

Opg=MIZ S Efol e b

0y g = the negative bending stress due to forces from factored actions with respect to the undamaged cross-section

13.7.2.4.4 Neutral Bending
O b.d = M 'rZ! = f|1'r‘-|r|1!,|:,|1

(T't 4 = the neutral bending stress due to forces from factored actions with respect to the undamaged cross-section

13.7.2.5 Shear
Tou = 2WIA
Tyg = (2VIAM(1.5-2hiD)

for b < 025D
for 0250 < h < 0.30

13.7.3 Dented tubular members subjected to combined forces
13.7.3.1.2 Axial Tension, Positive Bending and Heutral Bending

VroaTealf, + 'r'n,t,-d[l:ﬁ‘bd}'z + I:"'-‘I|1,:|]:]I:'E-"fn =10

13.7.3.1.2 Axial Tension, Negative Bending and Meutral Bending
Vrea Taffy + 'I‘R,|:,.:|[|:'|15-|:-,:|}"CL ol (™ d]z]a's-l'ft 1.0
i=2-3h/D

13.7.3.2.2 Axial Compression, positive bending and neutral bending
-r'F! .d ﬁl:.ﬂ 'rf-:.n * T?.u.n{[n‘: -:\"lt"I 'ﬁ:.:l ]”!]2 + [ﬁlu.m{1'n: -:IHE]:]E E}HH £1.0
YrcaOcally + Tapall0 el + (0wa) T My <10
f,. « = the representative local buckling strength of the dented member, in stress units, £.f,.
f,. = the representative local buckling strength of the undamaged member

stress units
13.7.3.2.3 Axial Compression,negative bending and neutral bending

- H.=

- a o -2
Reo Tea | YAea Toa FAbsd Toa ! 10
-} i “cd . 1__"'_55 [
| ] ™ JP r -
Ll % fe L
r & :':I_i
‘H-:.n*-'--:.:‘_ YREE Toa "Bb.a Tod 10
11’ 1 _—.m_'rb ] | _fn 1

f. = the smaller of the Euler buckling strengths of the undamaged member in the positive and neutral bending directions, in & = 2-30/D

10.6.2.4 Combined loading

No |, || Nastys +CaMg,

5d "
N, ra || Ng | Moy
dene il M 5, il ) M,
' (Mo V(Mg
.r‘ﬁh;d + I| ‘ 1. 5d | + 154 - |_
N dentt Rd ]h - lld-:nrﬂ_ﬂ _I ! lli‘l:l

if the dented area acts in comprassicn
Mgy = design axial force on the dented section

M, o4 = design bending moment about an axis parallel to the dent

M- -4 = design bending moment about an axis perpendicular to the dent

|k = effective length factor, as defined in Table -2
liers = moment of inertia of the dented cross-section, which may be calculated as = £, |

| = moment of ineria of undamaged section
Ay, = member out-of-straightness perpendicular to the dent

Ays = member gut-of-straightness in-line with the dent
Cm1.Cmz = moment reduction, as defined in Table -2

, M in compression

, M in tension

Mg gere = Euler buckling strength of the dented section, for buckling in-line with the dent, IrzEI,,ﬂ._.l'ilaI]2
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Stress/ Stress!
Parameter Formulation Limits Farameter Formulation Limits
A13.6 Corroded tubular members 10.6.3 Corroded members
One approach to estimate the strength of an approximately uniformly corroded member is to azsume a reduced thickness Im lieu of refined analysis, the strength of uniformly cormoded members cab be assessed by assuming a uniform thickness
for the entire memier. lzass for the entire member.
The reduced thickness should be consistent with the average material loss due to cormosion. The reduced thickness should be coszistent with the average material loss due to comosion.
The member with the reduced thickness can then be evaluated as an undamaged member. The member with the reduced thickness can then be evaluated as an undamaged member.
This reduced thickness approach is generally conservative. Im lieu of refined analyses, the strength of members with severe with severe localised corrosion can be assessed by
Another common case of corroded members is the presence of severe localized cormosion in the form of patches. freating the corroded part of the cross-section as non-effective, and using the provisions given for dented tubulars, see
This form of comosion can not be approximated as uniform. 10.6.2.

&0 = 0.5{1-cosmbopa)
& = equivalent dent depth
O = tube diameter
Apor = comoded part of the cross-section
& = full cross section area
10.7 Cracked members and joints
10.7.2 Partially cracked tubular members
Partially crakced members with the cracked area loaded in compression can be freated in a similar member to the one
discuszed for dented tubulars.
&0 = 0.5(1-cosmA craex i)
here
& = equivalent dent depth
O = tube diameter
Aoy = crack area
A = full cross section area
Partially cracked members with the cracked area loaded in tension should be subject to a fracture mechanics assessment
considering tearing mode of failure and ductile crack growth
Far fatigue sensitive conditions, a fatigue evaluation of the cracked member should also be considered.
10.7.3 Tubular joints with cracks
The stastic strength of a cracked tubular joint can be calculated by reducing the joint resistances for a corresponding un-
cracked geometry taken from €.4.3, with an appropriate reduction factor accounting for the reduced ligament area.
The reduced strength is given by:

Merakma = Far Mrg

14.8 Damaged Joints

Joints in existing structures sometimes become damaged as a results of fatigue, cormosion, or overload (environmental or
accidental). In such cases, the reduced joint strength shall be estimated either from simple models, e.g. based on the use of
freduced area or section modulus, or else shall be based on more extensive numerical analysis using FEA models or
experimental evidence.

Meraex pa = axial resistance of the cracked joint
My s = bending resistance of the cracked joint
Mg = the joint design axial resistance

Mgg = the joint design bending moment resistance
Far = (1-AJA8)(1/0,)™

A. = cracked area of the brace /chord intersection

A = full area of the bracef/chord intersection
Qy = tubular joint geometry factor, given in 6.4.3.3
mq = 0 for part-thickness cracks
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ISO 19902: 2007

NORSOK N-004

Stress/

Parameter Formulation Limits

Stress/

Parameter Formulation

Limits

13.9 Grouted tubular members
Subclause 13.9 applies to both fully grouted undamaged members and fully grouted dented tubular members, with the dent
depth h limited to either h = 0.30 orh = 10t

0t n = the axial tensile stress in the steel tubular member due to forces from factored actions, neglecting the grout
f;= the representative axial tensile strength of the steel, =1

Trig = the partial resistance factor for axial tensile strength of the grouted member, Tatg = 1.05

Where it can be demonstrated that complete grouting of the tubular has been achieved, f; may be taken as 1.12fy.

10.8 Etepaired and strengthened members and joints
10.8.2 Grouted tubular members
10.8.2.1 Axial tension

13.9.2.2 Axial tension Mg = Migra = fyAeite T =1.15
Tig = ffreg where
whene Mg = design axial force on the grouted section

Mg ra = design axial tension resistance of the grouted member, composite section
A = gross steel area = tht

13.9.2.3 Axial compression

fog = the representative axial compressive strength of the grouted member, in stress units

frg = the partial resistance factor for axial compressive strength of the grouted member, Yrgq = 1.18
P = the axial compressive force in the grouted member due to factored actions
Ayp= the tranformed arsa of the fully grouted member = Ag + Agim
A= the cross-sectional area of the ateel
= (D-t) t [ - i::tg - sinu,;]]

oy = 1{coz[1-2h/(D-t]]}
Ag = (D - 2t - o + 0.5sin(205)14
Jm = the ratio of elastic moduli of steel and grout, m = Eg/Ey (m=18, in lieu of actual data)
E; = Young's modulus of elasticity for steel
Eg = the modulus of elasticity of grout
Ih = the maximum dent depth, if present
D = the outer diameter of the steel tubular member
t = the thickness of the steel
fug = the axial squash strength of the grouted member, in stress units

= (Agly + 0.67AgfeyllAy
oy = the representative unconfined cube strength of the grout, in stress units
fag = the Euler buckling strength of the fully grouted member, in stress units = .".‘EI:E5]5+ D.BE5|E]|"[.‘!\|;|-|:KL]2]
K = the effective length factor

L = the longer of the unbraced lengths in the y- and z- directions
Iz = the effective moment of inertia of the steel cross-section _
= {(D-4)"t[x - 0tg - 0.5sin(20g) + 2 sin(og) cos*(ag)liB} - Ag &

10.8.2.2 Axial Compression

Oeg = fegireg PMisa = Neg e = Mgt T =1.15

. 3 .
(Tcg = the axial compressive stress in the fully grouted member due to forces from factored actions acting on the transformed Neg = (1.0-0.28Ag )Nig for Ag<1.34
area, g = PlAs (0.9/Ag%) Ng for hg = 1.34

Ag= (NugNeg)™

= (1.0-0.28hy%)fyg for Ag < 1.34 where
(D_El.fj-.ﬂz] fug for lg =134 Men = design axial force on the grouted section
hg= iflx}”Eg]Dj the column slenderness parameter of the grouted member Mugra = design axial compression resistance of the grouted member

Mg = axial yield resistance of the composite cross-section = A-fy + 0.6TAgfy
Meg = elastic Euler buckling load of the grouted member = ]TEI:E5|5 + IILBE.;;I.:;I:'{HI]2
fg = characteristic cube strength of grout
A= cross-sectional area of the steel = nDt | for intact sections
= alM[1-{o-sinx)iw), for dented sections
Az = cross-sectional area of the grout = er2}4, for intact sections
= m D4 )[1-oim+1/2sin{2a)/n], for dented sections
Iz = effective moment of inertia of grout cross section
= .':iDELfB]H -ou'm-sini2o) / t2I]+(Esinmcnszm."nl—.%ef
Iz = effective moment of inertia of grout cross section
= m(DY64)[1-on-sin(4a) | (4T)]-Ageg”
E: = modulus of elasticity of the steel
E = modulus of elasticity of the grout
m = modular ration of EZE-
e = distance from centroid of dented steel section to the centroid of the intact steel section
= thsinuﬂ-msrx}}:zh;]
ez = distance from centroid of dented grout section to the centroid of the intact grout section
= (Dsina)(1245)
o = cos '[1-26/D)
& = dent depth
|D = tube diameter
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lg = the effective moment of inertia of the grout cross-section
= {(D-2t)°[x - og + 0.25sin(4ag)li64} - Ageg”
&s = 0.5(D-t)t sin(og) (1 - cosog)it,
eg = (D-2t)" sin’(og)( 1249)

13.9.2.4 Bending
ﬁt.lg = erze < ft‘.?ﬁ‘ﬂt‘.;

Jpending stress, ggg = MZ.

M = the bending moment in the grouted member due to factored actions

fag = the representative bending strength of the grouted member, in stress units

= ZglZe fy & (1+ 0,01k)

&= 1 -05h/D - 1.6(hD)*
k= 5.58(pDit)"™
P = 0.6fy/f

Zo = w64 [I::I‘1 - (D-21) WDr2)

Z,=[D°- (D - 2t} plastic section modulus

TRog = the partial resistance factor for bending strength of the grouted member, Trbg = 1.05

elastic section modulus

Opg = the bending stress due to forces from factored actions and when oy,g = g, is to be considered as an equivalent elastic

10.8.2.3 Bending
Mza = Mgra = Wir foghtu
here

Ms=q = design bending moment for the grouted section

Mg =g = design bending resistance of the grouted member

W = elastic section modulus of the transformed, composite section
= 2Dl + Izim)

m = modular ration of Eg/Eg = 18, in lieu of actual data

frg = charateristic bending strength of grouted member
=4/n f, B, (1+ Ef100)

E£.=1-0.5 8D - 1.6(&/D)

Em = 5.5 E; (06T, D)

13.9.3.2 Axial compression and bending
(Yreg Oagffag + (Yrng T1 Gegifg+ [T2 (Yapg Ong) Wng = 1.0
(¥rbg Teg f fog= 1.0

where

T, = 4K4/K,

Ti=1- KoK, - T2

Ky = Neg/Nug 1.0-0.2835° for ig< 1.34
0.9/ for g = 1.34

Kz = Kag [115-30(2B-1){1.8- 8)-100Agl[50(2.1-B)] 0 <Kz < Kag

Kag = (0.96% + 0.2) < 0.75

Ki=Kx+ g [III.513-+III.=4}|[IE|2 -0.5) +0.15]41 + Ji.f]

Kap=004-8M5=0

8 = [0.6T Aglfey +Cyfy YD) (fug Ay

B =1, provided no end moments apply, otherwise it is the ratio of the amaller to the larger end moment
Cy=4 gel(1+0 +¢7]

o= 0.02(25-KL/D) =0

e=02525kiD)=0

K = effective length factor

L = length of member

for {-fﬁ‘qg (T:lg}-lifc'g > Kalk
for (frog Tcghfeg < Kalk,

10.8.2.5 Combined axial compression and bending

MeaMegra + Ts MagMgga + T2 (MsgMgra) < 1 for Neg/Nogag = Kalk

Msg/Mygrg < 1 for Neg/Nogrg < KalK
here
To = 4K H,
Ti=1-KaK,-T>
K, = Neg/Mug = 1.IZI-III.._'-"Bikg2 for Ag< 1.34
0.9y for Ag = 1.34
Kz = Kap [115-30(23-1)(1.8-y)- 100AgJ50(2.1-B)] 0 <Kz K

Kag = (0.9 + 0.2) < 0.75

K3 = Kan + Ag [0.58+0.4)(Y" - 0.5) +0.15)(1 + Ag")}

Ky =004 -y1520

Y= [0.67 Aglfog +C4fy UD)IMNy

B = 1, provided no end moments apply, otherwise it is the ratio of the amaller to the larger end moment
Cq=4 pef{1+p +¢,c|2]4:'5
o =002(25-kiD) =0

e =025{25-kD)=0

k = effective length factor
| = length of member
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8 FIRE, BLAST, AND ACCIDENTAL LOADINGS
8.1 General

Side-by-side comparison of the API, 1ISO, and NORSOK requirements for fire, blast, and accidental
loading is given in Table 8-2. The table presents the assessment process, ship collision criteria,
dropped objects, fire and blast requirements as specified in the APl RP 2A, ISO 19902, and
NORSOK N-004.

Section 18 of APl RP 2A and its commentary cover the design criteria of fire, blast and accidental
loading. The probability of an event leading to a partial or total platform collapse occurring and
consequence resulting from such an event varies with platform types. In APl RP 2A, implementing
preventive measures is considered as the most effective approach in minimizing the probability of
occurrence of an event and the resultant consequences of the event. APl RP 2A also states that
consideration of preventive measures coupled with established infrastructure, open facilities and
relatively benign environment have resulted in a good safety history and detailed structural
assessment should therefore not be necessary for typical U.S. Gulf of Mexico-type structures and
environment.

The design criteria under accidental situations are included in Clause 10 of 1SO19902. In this
standard, only designing for hazards for structures of exposure level L1 is qualified; specification of
relevant design situations and criteria for exposure levels L2 and L3 is intended to be included in a
future edition. ISO 19902 states that designers can choose between avoiding a hazard (e.g. by taking
special preventive measures such as operational restrictions), minimizing the consequences of the
considered hazard or designing for resistance of the hazard.

Design guidance against accidental actions is included in Annex A of NORSOK N-004. It states
that the overall goal of the design against accidental actions is to achieve a system whose main
functions of the installation are not impaired. The main functions include usability of escape-ways,
integrity of shelter areas and global load bearing capacity.

8.2 Assessment Process

8.21 APIRP2A

API states that the assessment process is intended to be a series of evaluations of specific events that
could occur for the selected platform over its intended service life and service functions.

Figure 8-1 is copied from APl RP 2A Fig. 18.2-1. It charts the assessment process in the form of six
main tasks and three risk levels utilizing the ALARP principle and assessing the consequences in a
structured manner. The necessity of further study or analysis is based on the appropriate risk level
for the selected platform with assigned exposure category and event with certain probability of
occurrence. To determine the risk level (1, 2, or 3), a 3x3 risk matrix is defined using the platform

DNV Reg. No.: EP034373-2011-01
Revision No.: 1

Date :2012-01-12 Page 91



DET NORSKE VERITAS

BOEMRE TA&R No. 677 i&

FINAL REPORT ON COMPARISON OF API, 1SO, AND NORSOK OFFSHORE STRUCTURAL STANDARDS DRI

exposure categories L-1, L-2, and L-3 on one axis and the high, medium, and low probability of
occurrence on the other axis.
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Figure 8-1 Assessment Process (APl RP 2A)

DNV Reg. No.: EP034373-2011-01
Revision No.: 1

Date :2012-01-12 Page 92



DET NORSKE VERITAS
BOEMRE TA&R No. 677
DRI

FINAL REPORT ON COMPARISON OF API, ISO, AND NORSOK OFFSHORE STRUCTURAL STANDARDS

8.2.2 1S0 19902

In general, ISO Clause 10 defines a hazard as the potential for human injury, damage to the
environment, damage to property or a combination of these. In this standard, the hazards are
grouped into three main groups according to a probability of occurring or return period of being
exceeded:

e Group 1 - hazards with return periods of the order of 100 years
e Group 2 - hazards with return periods of the order of 1000 to 10000 years
e Group 3 - hazards with return periods well in excess of 10000 years

Designing for hazards of group 1 is normally treated by the regular design process. Other hazards
belonging to group 1 and not treated by the regular design process along with hazards belonging to
group 2 are specially addressed by ALS requirements. Hazards falling into group 3 are considered as
residual accidentals and may normally be ignored for design.

As indicated in ISO 19900, the accidental situations are related to two types of hazards:

e Hazards associated with specially identified accidental events, such as vessel collisions,
dropped objects and fires and explosions.

e Hazards associated with abnormal environmental actions including abnormal earthquake.
Abnormal design situation may be based on a return period of 10000 years for an exposure
level L1 platform.

When checking accidental limit states (ALS) for accidental or abnormal events, all partially action
and resistance factors are to be taken as 1.0.

8.2.3 NORSOK

NORSOK NO001, N-004 and N-006 state that the structure shall be checked for all ALSs for the
design accidental actions defined in the risk analysis recommended in the standards. The material
factor is taken as 1.0 in the ALS check.

According to NORSOK N-001, the structure is to be checked in two steps:

e Step 1: Resistance of the structure against design accidental actions — the structure is to
maintain the prescribed load carrying capacity for the defined accidental loads

e Step 2: Post-accident resistance of the structure against environmental actions — If local
damage occurred from step 1, the facility shall continue to resist defined environmental
conditions without suffering extensive failure, free drifting, capsizing and sinking etc.

DNV Reg. No.: EP034373-2011-01
Revision No.: 1

Date :2012-01-12 Page 93



FINAL REPORT ON COMPARISON OF API, ISO, AND NORSOK OFFSHORE STRUCTURAL STANDARDS

DET NORSKE VERITAS
BOEMRE TA&R No. 677
DRI

Typical accidental actions include ship collisions, dropped objects and fire and explosion. NORSOK
N-004, Annex A gives the design recommendations for these actions.

8.3 Ship Collisions

All three codes provide similar impact energy calculation formula. The formula in API and ISO are
the same. NORSOK gives three formulas for fixed installations including jacket structures,
compliant installations including semi-submersibles, TLPs and production vessels, and articulated
columns. Jack-ups may be classified as fixed or compliant structures depending on mode of
operation.

In API, an 1100 short-ton (1,000 metric ton) vessel with impact velocity of 1.64 ft/s (0.5 m/s) is set
as minimum collision requirement for application in the GOM. No guidance is provided for other
areas.

ISO 19902 recommends the following minimum impacting ship displacement requirements for
different geographic locations:

e Northern North Sea: 8000 metric tons
e Southern North Sea: 2500 metric tons
e GOM: 1000 metric ton (55m to 60 m)
The impact velocity is given for two energy levels in ISO:

a) Low energy impact: 0.5 m/s; representing a minor accidental “bump” during normal
maneuvering of the vessel

b) High energy impact: 2 m/s; representing a vessel drifting out-of-control in a sea state with
significant wave height of 4 m.

In API and ISO, the added mass is introduced as an added mass factor (1.4 for broadside collision,
1.1 for bow/stern collision). ISO indicates that these added mass coefficients are typical for large
(5000 t displacement) supply vessels and a slightly higher value, e.g. 1.6 should be applied for a
typical 2500 t supply vessel. Accordingly, it seems that the added mass factor in API for a 1000
metric ton vessel should probably be increased. For small supply vessels, the impact energy
calculated using ISO added mass factor is larger compared to that predicted using API added mass
coefficients.

NORSOK N-003 states that for collision energy the mass of the supply ship should normally not be
less than 5000 tons and the speed not less than 0.5 m/s and 2 m/s for ULS and ALS design checks,
respectively. This recommendation is consistent with 1SO requirements.
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All three codes require that the platform survives the initial collision and that the residual strength
requirements are complied with.

API requires that the platform survives the initial impact and retain sufficient residual strength after
impact to withstand the one-year environmental storm loads in addition to normal operating
conditions.

ISO states that impact energy level a) (defined above) represents a serviceability limit state and that
the owner can set his own requirements based on practical and economic considerations; and level
b) represents an ultimate limit state in which the structure is damaged but progressive collapse shall
not occur.

NORSOK requires two steps of ALS check: remain intact with the damage imposed by the ship
collisions and meet residual strength requirements under undamaged condition.

In NORSOK, force-deformation relationships for a large column impact, tubular and beam type, are
provided for supply vessels with displacement of 5000 tons which is commonly used in the North
Sea. The detailed resistance for different types of members is also given. Compared to APl and ISO,
the designer may find more guidance in NORSOK to determine appropriate boat impact forces.

8.4 Dropped Objects

API recommends that the safe handling practice and preventive operational procedures can reduce
the risk of dropped objects. The platform should survive the initial impact and meet the post-impact
criteria as defined for vessel impact.

ISO suggest that a rigorous impact analysis be evaluated depending on the consequences with regard
to the integrity of the structure. Indirect means should be incorporated into design, such as, avoiding
weak elements in the structure (particularly at joints), selecting materials with sufficient toughness,
and endurance and ensuring that critical components are not placed in vulnerable locations. No
guidance is provided for design check methodology.

Compared to API and ISO, NORSOK gives considerably more guidance (see Table 8-2) for
evaluating the effect of dropped objects. Energy considerations for the dropped objects combined
with simple elastic-plastic methods are given in NORSOK. It is noted that dropped objects are rarely
critical to the global integrity of the installation and will mostly cause local damage. The major
threat to global integrity is probably puncturing of buoyance tanks, which could impair the
hydrodynamic stability of a floating installation.
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8.5 Fire and Blast

Commentaries 18.7, 18.8 and 18.9 of API RP 2A provide the design guidelines for fire, blast and
interaction between fire and blast. Both fire and blast assessment need to demonstrate that the
escape routes and safe areas will survive.

Three methods are given in API RP 2A:

1. Zone method: it is based on the assumption that a member utilization ratio calculated using
basic allowable stress will remain unchanged for the fire load condition if the allowable
stress is increased to yield, but the yield stress itself is subject to a reduction factor of 0.6

2. Linear elastic method ( for example, a working stress code): a maximum allowable
temperature in a steel member is assigned based on the stress level in the member prior to the
fire and the member utilization ratio remains below 1.00

3. Elastic-plastic method (for example, a progressive collapse analysis): a maximum allowable
temperature in a steel member is assigned based on the stress level in the member prior to the
fire and the member utilization ratio may go above 1.00

APl summarizes the factors influencing the magnitude of the loading generated by a blast as
follows:

e the type and volume of hydrocarbon released

e the amount congestion in a module

e the amount of confinement,

e the amount of venting available

e the amount of module congestion caused by equipment blockage
e mitigation efforts such as water spray

A blast can cause two types of loading: overpressure and drag loading; Overpressure is likely to
govern the design of structures such as blast walls and floor/roof systems. API states that the blast
overpressures in a platform can vary from zero on a small, open platform to more than 2 bars (1 bar
= 14.7 psi) in an enclosed or congested installation. Drag loading is caused by blast-generated wind.

Critical piping, equipment, and other items exposed to the blast wind should be designed to resist
the drag loading. Static or dynamic analysis can be performed based on the duration of the blast
loading relative to the natural period of the structure.
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The following acceptable criteria are given in API:

1. Strength limit: APl RP 2A is a working stress design. The allowable stresses can be
increased so that the safety factor is 1.0.

2. Deformation limit: the APl recommendations are given in Table 8-1.

Table 8-1 Blast Strain Limits
Type of Loading Stramn Limat

Tension 504

Bending or compression

Plastic sections 5%
Compact sections 3%
Semi-compact sections 1%
Other sections < yield stram

The determination of the yield point is essential to blast analysis. API states that actual yield stress
should be used in the analysis and strain rates and strain hardening effects should be included in
determining the yield stress and general material behavior.

API 2A suggests that fire and blast assessments should be performed together and the effects of one
on the other are carefully analyzed.

The API RP 2FB 1% Ed. /8/ published in 2006 contains significantly more comprehensive treatment
of the fire and blast design than previous included in APl RP 2A. The document covers the required
risk analyses and design methodologies against fire and blast on GOM offshore structures. As an
example, the recommended structural fire and blast assessment procedures are depicted in
Figure 8-2.
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Figure 8-2 Structural Fire and Blast Assessment

ISO 13702 contains requirements and recommendations for control and mitigation of fires and
explosions. New ISO 19901-3 (2010) contains more specific requirements for topsides structures.

NORSOK N-004 refers to Norwegian Standard NS-ENV 1993-1 for fire load effect assessment.
NORSOK states that the response to explosion loads may either be determined by non-linear
dynamic finite element analysis or by simple calculation models based on SDOF analogies and
elastic-plastic methods of analysis. Details for both methods are given in Annex A.6 of N-004 issued
in 2004 prior to publication of the APl RP 2FB.
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8.6 Summary of Accidental Loadings Comparison

For design against fire and blast, APl RP 2A charts the assessment process in the form of six main
tasks and three risk levels utilizing the ALARP principle and assessing the consequences in a
structured manner. In 1SO 19902 hazards are grouped into three main groups according to a
probability of occurrence or return period of being exceeded. NORSOK NO001, N-004 and N-006
state that the structure shall be checked for all ALSs for the design accidental actions defined in the
risk analysis recommended in the standards. With regards to ship collision ALS design, NORSOK
gives the most comprehensive guidance of the three codes.
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Table 8-2 Fire, Blast, and Accidental Loading Comparison

FPTRF 2A- WD Section 18 _ TS0 19902 Clause 10 _ NORSUR W00 Annex K
- Implementing preventive measures has historically been, and will continue to be, the |- In this standard, only designing for hazards for structures of exposure level L1 is quatified. - The overall goal of the design aganst accidental actions is to achieve a system where the main safety functions of the
Imost effective approach in minimizing the probability of occurrence of an event and the |- The main hazards that faced by an offshore structure include: mstallation are not impaired.
a [esultant consequences of the event. a) vessel collsions - The material factor to be used for checks of accidental mit states is y, = 1.0
§ - In U.5. GOM, considerations of preventative measures coupled with established b} Dropped objscts
g |infrastructure, open facilities and relatively benign envirenment have resulted in a good |c) fire and explosions
& history. Detailed structural assessement should therefore not be necessary for  |d) abnormal envirenmental actions, including abnaermal seismic actions
£ |ltypical U.S. GOM-type structures and environment. - When checking accidental limit states [ALS) for accidental events, all partial action and resistance
E - Assessment Process [factors may be set to 1.0
% . Initially screen those platforms considered to be at low risk, thereby not requiring detailed
- tructural assessment.
< F Ewaluate the structural performance of those platforms considered to be at high risk from a
ife safety and'or consequences of fallure point of view, when subjected to fire, blast. and
lzccidental loading events.
- The platform should survive the initial collision and meet the post-impact criteria. - Vessel impact shall be addressed for the structures with exposure levels L1 and L2 - The load bearing function of the installation shall remain intact with the damages imposed by the ship collision
- All exposed elements at risk in the collision zone of an installation should be assessed|- Two energy levels shall be considerad: action. In addition, the residual strength requirements shall be complied with.
ior accidental vessal impact during normal operations. a) low energy kevel, representing the most frequent condition, based on the type of vessel that would routinely |- Methods used to determine the structural effects from ship collision:
1. The collision zone is the anea on any side of the platform that a vessel could mpact inan  |approach alongside the platformn (2.9, 3 supply boat) and that would have a velocity representing nomal a) nondinear dynamic finits element analysis
wdental situation during nommal operations. manoewvTing of the wessel approaching, leaving, or standing alongside the platform |t} enengy considerations combined with simple slastic-plastic methods
. The vertical height of the colision zone should be determined from the considerations of | This level is a serviceability it state to which the owner can set his own requirements based on practical and |- Three levels for the strain energy dissipation consideration:
essel draft, operational wave height and tidal elevation. Jeconomical considerations. 1) local cross-section
. Elements camying substantial dead boad, except for platform legs and piles, shouki niotbe  |b) high energy level, representing a rare condition, based on the type of vessel that would cperate in the platform|2) component/sub-structure
in the collisicn zone. If such elements are located in the colision zone they should be  vicinity, driting out of control in the worst sea state in which it would be allowed to operate close to the platform |3) total systemn
assessed for vessel impact. | This level represents an ultimate limit state in which the structure = damaged but progressive collapse should |- Strain energy
- Energy Absorpiion ot coeur.
lAn offshore siructhure will absorb energy primariy from: - The kinetic energy of a vessel: Fixed installations Compliant installations
3. Localized plastic deformation of the tubular wall E=05amu’
. Elasticiplatstic bending of the member Where E = the kinetic enengy of the vessel E —l-:'m. . %
Elastic/platstic elongation of the member a = added mass factor, (1.4 for broadside collision, 1.1 for bow'stemn colision) v 2 ' - ) | 1=
. Fendering device, if fited m= wessel mass crdaned o =, i, =3, .
. Global platform deformation (that is, sway) U= velocity of vessed at impact Articulaied ool - PLLULLTE
f. Ship deformation and/or rotation a) The added mass coefficients given above ane typical values fior large (5000 t displacemnent) supply vessels, - =2
- Damage Assessment For smaller wessels, a value slightly higher than 1.4 should be applied, e.g. 1.6 for a typical 2500 t supply vessel. 1 1- v
E  [Two cases should be considered: b} For the northem Morth Sea, a vessel mass can be 300, whereas in the southem North Sea a mass of E =={m +a) —
% 1. Imipact (energy absorption and survival of platform) around 2500 t is more normal. h 4+
£ Primary framework should be designed and configured to absort energy during impact, and to |c) For GoM structures in mild environments and reasonably close their base of supply. a 1000 t vessal ]
3 the consequences of damage after mpact Some permanent deformation of members  Jrepresents a typical 55 m to 60 m (180 # to 200 ft) supply vessel. For deeper and more remote locabons in the .
2 |maybe alowable in this energy absorpton. GoM the vessel mass can be different The masses of vessals that could collide with the platform when drifting "‘*_'jﬁ,’:f,; s
®  [The kinetic energy of 3 vessal: out-of-controd should be specically considersd. s
E=05amv d) For kow energy impacts, a vessel velocity of 0.5 m/s is commonly used. representing a minor accidental = = mass of nstadation
[t I = the kinstic snegy of fm veses “bump” during nomal manoeuring of the vessel while loading or unicading or while standing alongside the & = added mass of nsktation
A & medsd meam o |04 for brcedwds colimise, || ke bowiwsm ool mian ) 3 wyw Dy of instaliabon
m= sl e |e) For high energy conditions, a vessel welocity of 2 m's is commenly used. representing a wessel driting out-of | J = mass moment of ineria of instalation (inciuding added mass) wih respect io effecive phvot point
contnol in 3 s2a state with significant wave height of approximately 4 m. Z = ciziance e phvot poimt 02 point of contact
8 sy ol el it Jacket structures can normally be corsidered as fixed. Floating platforms (semi-submersibies, TLPs, production vessels) can
For platfiorms i mild ensvirenments and reasonably close to their base of supply, the following |normially be considered as compliant. Jack-ups may be dassified as fisd or compliant.
minimum reguirements should b= used, unless other criteria can be demonstrated: - Maore details provided in this provision
Vessel Mass = 1100 short tons {1,000 metric tons) A.3.5 Ship Collision Forces
Impact Vielocity = 1.84 fi'sec (0.5 misec) A.3.8 Force-deformation relationships for denting of tubular members
[The 1100-short-ton vessel is chosen to represent a typical 180-200-footdong supply A.3.7 Force-deformation relationships for beams
jvessel in the GoM. A.3.8 Strength of connections
2. Post-impact (platform to meet postimpact criteria) A.3.9 Strength of adjacent structure
3)The platiorm should retain sufficient residual strength after impact to withstand the one-year 310 Dsctility limits
ironmiental storm loads in addition to normial operating loads. A.3.11 Resistance of lange diameter, stiffensd columns
) Special attention should be given to defensible representation of actual stiffness of damaged| A.3.12 Enengy dissipation in fieating production wessels
embers or joints in the post-impact assessment. Camaged members may be considersd A.3.13 Global integnity during impact
Iy mefectve providing their wave areas are modeled in the analysis.
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DRNW

Certain bocations such as crane boading areas are more subject to dropped or swinging
jects.

- The probability of cccumence may be reduced by folowing safe handling prachices.

[facilities and critical platiorm areas. Operation procedures should limi the exposure of
Jeersonnel to overhead material transfer.

- The platiomn should survive the initial impact and mest the post-mpact criteria as defined for
jvessed collision.

Dropped o bjects

- When evaluating the impact fisk from dropped objects, the nature of all crane operations in the platiorm vicinity |-

shall be taken inte account.
- Depending on the consequences for the structural integrity of the structure, the need for @ igorows impact

- The consequnces of damage may be minimized by considenng the location and protection of |analysis shall be determined.

- Robustness in relation to dropped cbjects showld be incorporated into the design by indirect means such as
a) awoiding weak elements in the structure (particularly at joints)

b selecting materials with sufficient toughness

) ensuring that eritical components are not placed in vulnerable locations

nstallations.

combined with simple elastic-plastic methods.
- Kinetic energy of a faliing cbject:
Ew.=05me"  for objects falling in air
E,., =05 (m+ap” for objects falling in water
a = hiytrndynamic acded mass for considersd mobion
Forimpact i air fe weindty |5 ghen by
w = [2gs®
s = Iraviied dstance from drop poink
W m Y, B S=a surfane

1 1
E. -leh-: |5':]

Dropped objects are rarely eritical to the global ntegrity of the instaliation and will mostly cause local damages. The major
threat to global mtegrity s probably puncturing of buoyancy tanks, which could impair the hydrostatic stablility of fioating

- The structural effects may either be determined by non-inear dynamic finite element analyss or by ensrgy considerations
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2} Limits for enengy dissipation
a) pipes on plate”

o= Da2e0 12

K = yltmate matenal tensile stremgth

b} Biunt chjects
For stabifty of cross-sections and tensie fracture, see A.3.10

Diefinition of distance o plate boundary

The maximum shear stress for plugging of plates due to drill collar impacts may be taken as

(AAT)
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Fire

If the assessment process identified that a significant risk of fire exists, fire should be
sidered as a load condition; the structural assessment must demonstrate that the escape
es and safe areas are maintained to allow sufficient time for platform evacuation and

ngency response procedures to be implemented.
If the assessment process identfied that a significant nsk of blast exists, blast should be
sidered as a load condition; the blast assessment need to demonstrate that the escape

routes and safe areas survive.
- The fire and blast analyses should be performed together and the effects of one on the other
Jearefully analyzed.
- Fire a5 a load condition requires that the following be defined:
1. Fire scenaria: fire type, location geometry and intensity
2. Heat flow charateristics from the fire to unproteteted and protected stesl members - to

emine the femperature of the member as a function of time.

& amount of radiant heat amving at the surface of a member is determined using a

ical "configuration” or "wiew” factor. For enguifed members, a configuration factor of

1.0is usad.
3. Properties of steel at elevated temperatures and where applicable
a) thermal properties - required for the calculation of the steel temperature
I mechanical properties - used to verfy that original design still meets the strength and
enviceablility requirements.
[ Properties of fire protection systems (active and passive)
la) They may be required to ensure that the maxirmuem allowable memiber temperatures are not

ceeded for a designated peniod when fire ocour,

) They may also senee to prevent escalation of the fre.

| The designated period of protection is based on either the fire's expected duration or the
required evacuation penod.

- Design for fire

[There are the following approaches to be used in the design for fire:

1. Zone method

3) The zone method of design assigns a maximum allowable temperature that can develop in 3
teel member without reference to the stress level prior to the fire.

) The assumption of this method is that a memiber utilization ratic caleulated using basic
AISC) allowable stress will remian wnchanged for the fire load condition if the allowable stress
15 Increased to weld. but the yield stress itseff & subject to a reduction factor of 0.8, This

surrgpdion is valid when the nonlinear stress/strain charateristics of the steel may be
nearized such that the yield strength reduction factor is matched by the reduction in Young's
odubus (as for a 0.2% strain).

) With an unmatched reduction in both yield strength and Young's modulus, the goweming

ign condition may be affected; thus, the zone method may not be applicable.
[2. Linear elastic method (e.g. 3 working stress code check)
20 A rmacmum allowsable temperaturs in a steel member is assigned basad on the stress |evel
mn the member prior to the fire, swch that as the temperature increases, the member utilization

UR} remains below 1.00 (the member continues to behave elastically)

) With an unmatched reduction in both yield strength and Young's modulus, the goveming

ign condition may be affected: thus, the linsar elastic method may not be applicable.
(3. Elastic-plastic method (e.g. a progressive collapse analysis)
|21 A maimum allowable temperature in 3 steel member is assigned based on the stress kevel
n the member prior to the fire. A the termperature increases. the member utlization (UR) may
abowe 1.00 (the mermber behavior is elastic palstic).
1 A nonfinear analysis to be performed to verify that the structure will not collapse and will still
est the serviceabllity criteria.
Notes: 1) Regardless of the design method, the inearization of the nonlinear stress sirain
tonship of steel at elevated temperatures can be achieved by the selection of a

ive value of strain.

1 A walue of 0.2% s commonly used and has the benefit of giving a matched reduction in yield
rength and Young's modulus, but has the disadvantage of limiting the allowable femperature
the stesd to 400°C.

[The indusiry assoications hawve produced their own more detailled guidance applicable to particular types of
operation and circumstanoes.

- AP, which can be used for Gulf of Mexico type platfiorms

- WKQOA, which are suited to larger platforms operated in a safety case regime

- MORS0K which contains explict analytical requirements.

- 150 13702 contains requirements and recommendations for fires and explosions

- The assessment of fire load effect and mechanical response shall be based on ether

a) simple calculation methods applied to individual memibers - should be based on the provisions given in M5-ENV 1883-1
Evrccode 3 Design of steel structures, Part 1.2, General nules - Stroctural fire design

) general calculation methods - should be based on the prowisions given in NS-ENV 1883 1-1, Part 1.2, Secton 4.3

- Assessment of ulimate strength is not needed if the maximum stesl temperature is bebow 400°C., but deformation criteria
may hawe to be checked for impaiment of main safety function.
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1. Due to the complexity in predicting blast loads, the pressure-time curves should be  |The industry assoications have produced their own more detailed guidance applicable to particular types of - The reponse to explosion bads may ether be determined by
nerated by an expert in this field. operation and circumstances. 3] non-iear dynamic Snite element analysis

[2. A blast can cause two types of loading: - AP, which can be used for Gulf of Mexico type platiorms | &) sirmpde calculation models based on SDOF analogies and elastic-plastic methods of analyss
l3) Overpressure - results from increases in pressure due to expanding combustion products |- IUKDOA, which are suited to langer platforms operated in a safety case regime - Suggested analysis model and reference to applicable resistance function are listed in Table A8-1
It likely to govern the design of structures such as blast walls and Soorfroof systems. - NORSOK which contains explict analyical requirements. . Fable 451 Amabrais sadels

) Drag leading - caused by last-penerated wind - 150 13702 contains requirements and recommendations fior fires and explosions - Tepaied r—
|Critical paping, equipment, and ofher items exposed to the blast wind should be designed to Failure mode anabis model | Resistance models
|'E'5|5t hwedm dm Im %-P.I::.-:C-.:n. [y Soor AAR
[3. Environmental loads can be neglected in a blast analysis. “..:".'.":J'.’.".” B '1'5'3';" NS Lad Eins JPammie Mg ol o
4. Structural Resistance Flusc AMEL
- Strength it T T T |
Failure is defined fo ocour when the design load or load effects exceed the design strength. e inn -
- Deformation limit Clar F3 o dn AT T e ———
1y M part of the structure impinges on eritical operational equipment — T P AeE i sl g
) The deformiations do not cause collapse of any part of the struckure that supports the safe S — | e e
larea, escape routes, and embarkation points within the endurance period. A check should be i dain: ane3 P p————

to ensure that integrity & maintained if subsequent fire cocurs. dar il iy ST T e

) Defiormiation limits can be based on @ maximum allowable strain or an absclute - phate sl A s bmidag e

isplacement e ] et pLE uoor S P— — [E T
3) Strain limit: most types of strectural steel used offshore have a minimem sirain capacty of = plam s T I —+ lmadnp o e
qurmuma‘tEl,r?ﬂ pEﬂ:Eﬂt at low strain rates. B e il pinns s e e S d eerrres dephcement ® srossd 138 siwec bewowa

[They usually have sufficient toughness against britle fracture not to imit sirain capacity
igrificantly at the high strain rates associated with blast response for nominal 1.5, GOM
re range.
Recormmendad strain imits for different types of loading are a5 follows:

Blasi

Toph & Lok g s | sy
Teasurs .y

andiag of ¢ CmpeLie.

Fliafic oas Soms e |
& omapic | nec Boma ™
The 4 o e e Hom L |
L R R yisld umnin

[The strain limits above assume that lateral torsional buckling is prevented.
1 Absolute limits - adopted where there & a nsk of a deforming element striking some
ent, usually process or emergency equipment or key structure
|5 Deternimation of Yield Point
a) Achual yield stress, usually higher than the minimum specific. should be used in the analysis;
frain rates and sirain hardening efects should be included in determining yield stress and
eral material behavior.
) [ miaximum reaction forces are required, it is necessary bo design using an upper bound
iedd stress. f maximum deflections are required, the design should use a lower bownd yield
ress._
|5 Analysis Methods
) Static analysis (a bong load duration relative to the structure’s natural peniod): The peak
sure should be used to define the loading.
) Dymamic analysis | load duration is near to the struchre’s natural penod): The actual
sure-time curve can be applied to the structhure.
7. Mitigation
[The blast effects can generally be minimized by making the vent area as large as possible;
To minimize blast pressure, ven areas should be located as close as possible to Boely ignition
Jpoure=s.
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9 INSTALLATION AND TEMPORARY CONDITIONS

9.1 General

Side-by-side comparison of the API, ISO, and NORSOK requirements for installation
and temporary conditions is given in Table 9-2. The specific document and location
within is given in the table header row.

API 2A WSD states that basic allowable stresses for member design may be increased by
1/3 for installation forces including environmental effects during transportation and
launch. The details of the requirements for temporary conditions are given in Sections 2.4
and 12 of the API RP 2A.

Clauses 8 and 22 of 1SO 19902 provide the LSD methods for temporary condition design.

NORSOK N-004 Clause K.4.4.6 states that transportation and installation design and
operation shall comply with the requirements given in NORSOK J-003. It is noted that
NORSOK J-003 (1997) requirements have been completely incorporated in the more
recent ISO 19901-6 “Marine Operations” issued in 2009. Therefore, the comparison
made here is actually a comparison between API and ISO.

9.2 Lifting

9.2.1 Dynamic Effects
API gives the dynamic load effects for the following conditions:

1. At open, exposed sea: padeyes and other internal members including both
connections framing into the joint where the padeye is attached and transmitting
lifting forces within the structure should be designed for a minimum load factor of
2.0 applied to calculated static loads. All other structural members transmitting
lifting forces should be designed using a minimum load factor of 1.35.

2. For other marine situations, the selection of load factors should meet the expected
local conditions but should not be less than a minimum 1.5 and 1.15 for the two
conditions as listed above.

3. For land-based lifting, dynamic load factors are not required.

Dynamic amplification factors are given in ISO 19902 Clause 8 and more details are
included in ISO 19901-6 Clause 18, see Table 9-1. The maximum DAF in ISO is 1.3
compared to API’s 1.35. Also ISO DAF is >1.0 on land when moving elements are
involved whereas API allows no DAF (i.e., DAF=1.0). Also the ISO reduces the DAF
with the increase in the weight lifted which is a logical process not yet adopted by API
RP 2A.
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Table 9-1 DAF for a single crane on a vessel

k- .= Im alr
Mass of lifted objacts G’““‘*L'F"“F“t- L.
onshors”
onnies o offzhors Inzhors
moving statlc
= 100 ¥ = 1000 1.3 1.15 1,15 1,040
from 100 fo 1 000 1000 < # < 10030 1,20 1,10 1,10 1,00
from 1000 1o 2 500 10 D00 < W < 25 D00 1.15 1.0:5 1,05 1,00
fmom 2 500 25 000 < W 1.10 1.0:5 1,05 1,00
®  This column Iz Inchaded io faciEal= the comparison with weight reporiing
b Ufs by lnd-based crames invobied with marne operafons such & oadouts.

For onshore lifts, where the crane can move horizontally, the “moving” column in
Table 9-1 shall apply. ISO 19901-6 also states that the DAF values in Table 9-1 shall be
multiplied by a further factor of 1.1 for offshore lifts by cranes on two or more similar
vessels.

Compared to API, ISO recommends DAF that includes the crane number effects (rigging
factors) and local factor except lifting conditions.

9.2.2 Effect of Fabrication Tolerance

The dynamic load factors are affected by fabrication tolerance and sling length tolerance
which are addressed in both API and I1SO.

API requires that the fabrication tolerances do not exceed the requirements of Section
11.5.1 of API RP 2A and the variation in length of slings does not exceed +0.25% of
nominal sling length, or 1.5 inches. The total variation from the longest to the shortest
sling should not be greater than 0.5% of the sling length or 3 inches. If the tolerances
exceed these limits, a detailed analysis including these tolerances should be performed.

ISO’s requirements are intended to apply to the situations where fabrication
misalignments are consistent with Annex G of ISO 19902 and where the variance on the
length of slings does not exceed the greater of 0.25% of the nominal sling length or 40
mm, which is close to API requirements.

9.2.3 Allowable Stresses and Action Factors

API does not allow the increase of allowable stresses in lifting design due to short-term
loads. It requires that all critical structural connections and primary members should be
designed to have adequate reserve strength to ensure structural integrity during lifting.

In API, the lifting eyes and the connections to the supporting structural members should
be designed for a horizontal force of 5% of the static sling load, applied simultaneously
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with the static sling load. This horizontal force should be applied perpendicular to the
padeye at the center of the pinhole. This is not required by ISO.

In ISO, member and joint strengths should be checked using one of the following
formulae (Equation 9.1 and 9.2):

Fy="kpar %a i (her Or+ ot O@r + 57 T) ©.1)
S=koar %dl %1 %sun S
DAF .dl i If .Sun “un 9.2)

Fq = design action
S = internal force

kpar = dynamic amplification factor; 1.10 for heavy lift by semi-submersible crane vessel
for in air offshore lifts or in air onshore or in sheltered waters ; 1.30 in other cases for
offshore in air.

vr.a1 = the rigging factor, 1.10 for a dual lift; 1.00 for single crane

vi1¢ = local factor, for lifting attachments, spreader beams, and internal members attached
to lifting point: 1.25 (for a lift in open waters), 1.15 (for a lift on shore or in shelter
waters); 1.00 for other structures;

vs.sun = partial factor, 1.30

G+ = the action imposed either by the weight of the structure in air, or by the submerged
weight of the structure in water

Qr = the action imposed by the weight of the temporary equipment or other objects,
including any rigging installed or carried by the structure

T = the lifting actions and hydrostatic pressure on the structure

9.2.4 Slings, Shackles and Fittings

Both API and ISO require that slings should have a total resistance factor of 4.0 on the
manufacturer’s rated minimum breaking strength of the cable compared to the calculated
sling force. The total resistance factor may be reduced to a minimum of 3.0 for carefully
controlled conditions.

ISO and API also have the same requirements for shackles and fittings. Shackles and
fittings should be selected so that the manufacturer’s rated working load is greater than or
equal to the calculated sling force, provided the manufacturer’s specifications include a
minimum resistance factor of 3.0 on minimum breaking strength.
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In addition, ISO recommends that the slings should be assumed to carry the lift point
force in a 45:55% split of the lift point force between the two slings, where two slings are
connected to one padeye, or where a split of the lift point force between the two slings.
API doesn’t require it.

9.3 Loadout

API gives short descriptions of two scenarios of loadout: direct lift and horizontal
movement onto barge. If the lifting arrangement by a direct lift is different with that to be
used in the offshore installation, the lifting forces should be evaluated. Since the lifting in
open sea will impose more severe conditions, it is sufficient to check the latter case.
During the horizontal movement onto barge, impact need not be considered since the
movement is normally slow.

ISO gives the same recommendations to direct lift and horizontal movement onto barge.
In addition, it also gives guidelines to self-floating structures. Actions should be
evaluated for the full travel of the structure down the ways. ISO clearly states that the
guideline for self-floating structures does not apply to self-floating structures built in dry
dock and floated by flooding the dock.

9.4 Transportation

The basic guidelines in APl and 1SO are the same, including environmental criteria,
determination of forces and special considerations (slamming, VIV, fatigue etc.). These
guidelines are summarized in Table 9-2.

Compared to API, ISO suggest that the environmental conditions used to determine the
tow motions should be established by the owner. It also gives the following guidelines:

e For long ocean tows where the structure and barge are unmanned, the extreme
environmental conditions are typically selected to have a probability of
exceedance during the tow duration in the range of 1% to 10%. The specific value
will depend on an evaluation of acceptable risks and consequences.

e For short duration tows, the environmental conditions should generally have a
return period of not less than 1 year for the season in which the tow takes place.

9.5 Launching and Uprighting Forces

ISO requires that a structure shall not be launched from the barge if the significant wave
height exceeds 2.0 m or if it is expected to exceed 2.0 m before sufficient on-bottom
stability is achieved. The rest of guidance in both APl and ISO is identical.
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9.6 On-bottom Stability

On-bottom stability requirements are given in Section 12.4.5 of API RP 2A and Clause
8.7.6 of ISO 19902. The on-bottom stability check is to ensure that the structure will
remain at planned elevation, location and attitude until the piles can be installed. Both
codes require that the mudmats or footings have adequate capacity against sliding and
bearing failure and structural members supporting these have adequate strength to avoid
being damaged.

ISO only provides general considerations on on-bottom stability check. No detailed
design requirements are given. In contrast to 1ISO, the following detailed requirements are
given in API:

e The factors of safety against bearing capacity failure recommended are 2.0 for on
bottom gravity loads alone and 1.5 for including the design environmental
condition applicable for the installation period.

e At the operator’s discretion, with supporting analyses, an alternative of limiting
penetration criteria may be used.

o Allowable steel stresses may be increased by one-third when wave loading is
included.

9.7 Summary of Installation and Temporay Conditions Comparision

The details of the requirements for temporary conditions in APl RP 2A are given in
Sections 2.4 and 12. Clauses 8 and 22 of 1SO 19902 provide the LSD methods for
temporary condition design. NORSOK N-004 Clause K.4.4.6 states that transportation
and installation design and operation shall comply with the requirements given in
NORSOK J-003. It is noted that NORSOK J-003 (1997) requirements have been
completely incorporated in the more recent ISO 19901-6 “Marine Operations” issued in
2009. Therefore, the comparison made here is actually a comparison between API and
ISO and it demonstrated that they are similar with different level of guidance and some
minor quantitative differences.
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Table 9-2 Comparison of Installation and Temporary Conditions

APIRP 24- WED Sectlon 2.4 & Ssctlon 12

150 19502 Clauze B and 22

HORSOK H-004 Annax K (IS0 13501}

Genaral

- For those Installation forces that are experiencad only during transporation and lawnch, and
which Inkcude environmeantal effects, baslke allowable sfreseas for member dazlgn may ba
|incraasea by 113

- Intarnal forces dus to factored actions [8.2.4.1)
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- Intarnal forces dus to unfactorsd actlons (8.2.4.2)
Fo=Gr+ Q5 +T
S = Tt Sin
Wrers F, = it action dus I e unfactonsd actions Gr, Gy and T defined above:
Sy = the infemal force resuling from Fe
Tiian = P fACk 10 be appied 10 5., wsually 13
- Guldance |2 also provided In 150 133016,

- LIfting forces on pageyes and on other members of the stuctune should Inglude both vertical
and horizontal components, e [akter pceurning when IMing slings are other than verical. Liting
forcas on the I showld Include buoyancy as well as forces Imposed by the Ifting equipment.
- To compensata for any side loading on ITting eyes which may ocewr, In addton fo e
calculated horizontal and vertical components of the statle load Tor the equilibriem Ifting
condHlon, IIfting eyes and the connections fo the supporiing struchural members showld be
designad for a hortzontal force of 5% of the siatic sling wad, applad simultaneously wih e
static sling load. This hoszontal force should b applled perpandicuiar i the padeye at the
center of the pinhole.

-Static Loads (2.4.2.1b)

3) wnen suspended, the It wil occupy a position such that the center of gravity of the It and
ihe centrold of all wpward acting forces on the It are In static equilloium. The position In this
state should b= used {0 determine forces In e sirecture and In the slings.

|21 The movemant of the ITt 3s It s picked up and set down showld be taken Inbo account In
determining critical combinations of wertical and horzontal forces at all points, Including those
io which Iting slings are attached.

- Dynamic Load Factors [2.4.2.c)

a) For lifts to be made at open, exposed sea , padeyss and ather Intemal members | and both
angd connections) framing Into the |oint whare he padeye IS attached and transmitting ITting
forcas within the structure should be designed Tor 3 minimum load facior of 2.0 applad to the
calculated static loads. All obher structural members transmitiing Ifting forces should be
designed using a minimum load factor of 1.35.

) Far other marine siuatlons, the selection of load factors showld meet the expected local
condhiions bt should not be less than a minimum of 1.5 and 1.15 for the two canditlons
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- NORSOK N-D04 Clause K.4£.4.6 Instalation analysks states ihat Transport and Instaliabion design and oparation shal
comply with the requirements given In NORSCH J-003. NORSOK J-D03 Is volded 35 3 consaquence of IS0 19901-5 Marlne
Operations hawing been kssued as DIS.

Dynamic Effects [8.3.2)

A dynamic amplication factor (DAF), Ky, accounting for dynamic effacis of the crane taking
1 the load and for movements of the crans or of the |Ified stucture, shall b= derved from the
Tollowing:

a) For offshare IMs In alr

1) Kep = 1.10 107 heavy I by semi-submersinie crane vessel

2] Kgey = 1.30 In other cases; the lower DAF vaule may be used based on speclal
nwestigations, but shall not less than 1.10;

b} For IFts In alr, onshiore or In sheltered waters,

Koy = 1.10

¢) Far s partially or fully In walter, kg, shall be specialy Investigated taking Into account
Tactors Including the It arrangement, the orentation of the Ifted structure, the ratlo of the
allowable hook l0ad to the [Ifed waight, the drag loads on e Iftied struciure and the motions
of tha Boom g In the envinonmental conditions In which the I is to be made

d) More detalls see 19901-6 Clause 18.

- Effact of Tolerancas [(8.3.3)

a) The requiremenis and parlal action faciors here are Intended to apply 1o the sitluatians
'whnere fabrcation misalgnments are consisient with the tolerances spacifiad In Annex G and
whnere the vanance on the length of sings does not excead the greater of 0.25% of the
naminal sling length or 40 mm.

b} The results sling fionce should be Increasead by a Tactor of not less than 1.25 (1.15 for
floating spreader beams) 1o delenmine the required safe working load of the sing In 8.3.8.

¢} The effectof tolerances In 3 I analysls of 3 standard four-polnt if2 may be taken Into

account by the ane of the folloaing methods:

Page 109

- 18901-5, Clause 13 gives reguiremants and guidance for the deslgn and execution of Isting operations (onshore, INshore
and offshore). It covers Ifng operations by Nieating crane vessels, ncuding crane barges, crane ships and semi-
submersiole crane vessals. Onshore Ifs by land-based cranes are also Incleded when they form part of @ marine ogeration
such as a loadout.

- Aadifonal Information on IMing operations can b= fownd In 150 198022007, Clause B and 22.

DRW



DET NORSKE VERITAS

BOEMRE TA&R No. 677
FINAL REPORT ON COMPARISON OF API, ISO, AND NORSOK OFFSHORE STRUCTURAL STANDARDS

Lifting

|orevicusty listaa.

) For typlcal faorcation yard operations where both the Ifting demick and the structure ar
components to be fed are land-oased, dynamic load faciors are not required. For special
|procedures whers unuesual dynamic loats are possible, approprates load faciors may be
considerad.

- Allowabls siressss (2.4.2.d)

3] basle allowable siresses as speciled In Sactlon 2.1

|0 The AISC Increase In allowabde stresses Tor short-t2rm loads should not be wsed.

) All criical stnactural conneciions and primary members shouwld e designad to have
adequate resenve srength 1o ensure sineciural Integrity dusing Ifing.

- Effect of Tolerances [2.4.2.8)

3) The load factors recommened In 2.4.2¢ are Intendad to apply iv sfuatons where fabrication
folerances do not exceed the reguirements of 11.5, and where the vardation In length of sings
does not exceed plus of mines 104 of 1% of nominal sling strength, or 1.5 Inches.

o] The total varlation from the longest to the shorest sling  showld not be greater than 172 of
1% of the sling length or 3 Inchies.

C:l IT alther faorcation olerance ar E-Iﬂg IEI'Igtl‘l‘UZlH!'I'aI'IB-E excasds thasa Imits, a detaled
analysls taking Into accownt these tnderances should performed to determine the redistribution
of forces on both sings and siructural members.

The same type analysis showd also be performed when unusual deflections of partdeulary st
siructural systems may also affect load distribution.

- 8lings, Shacklss and Fittings (2.4.2.1)

a) For nomal offshare conditions, sings should be selected to have a factor of safety of 4 for
the manufaciurers rated minimum breaking strength of the cable compared o statc sling load.
|o) The siatic sling load showd e the maximuem load on any Indvidual sing, as calculaied In
2.4.2a, b. and &, by t3king Into account all components of loading ang e squillbrium pasiion
of the: [

c} This factor of safiety should be Increased when usualy severe condilons are anticipated,
and may be reguced o a minkmem of 3 for carefully controlied conditions.

d) Shackles and Nilings shouwld be selected so that the manufacturers rated working bad |s
equal to or greater than the static sing load, provided the manufaturer's spacifications Includs 3
minimum factor of safety of 3 compared to the minimum breaking strengih.

M ] e S M AT 1

1] an anafysks with one pair of opposite slings assumed to camy 75% and the other pair of
25% of the hook Torce, and vice versa

2) an analysis with modifying sing lengths, .g. two diagonally opposlte slingd with
ncreased length, each by an amount comesponding o the total iolerance, fo each dagonal In
turn.
- Membsar and joint strangth (8.3.6)

Fo=fpar e W (et @0+ hor @r+ 8 7

5= hpap o W M sun Sun

Whena
Wi = 1iJ9Ing Tactor, specified In §.3.4; 1.10 for cual I, and 1.00 for single crane Ifts
\gt.Ir = local factor, specied In £.3.5;
a) For IFting attachments (padeyes, frunnlons, padears), spreader beams, and Intemal
members nciuding both end connactions) framing Inta the |oint where the IMting attachment
Is atached and transmitting If fonces:

= 1.25 {Tor 3 It In coen waters)

= 1.15 { for a Iift onshore or In shattered waters)
o) For oiher structural members

= 1.00
- Litting aftachments (8.3.7)
a) Lifting attachments and the connections io the supporting stuctural members shall be
gesigned Tor a lateral force of 5% of the sling forcs, In agdition to the calculaled hortzontal and
vertical components of the sling Tarce {Inclu®ing DAF, rigging factor, local Tactor and panial
aetion faciors) far equillbiem IHEng condRion.
b} This Iateral Torces acis simuRanaously with the statke sing force and shall be applied
perpendicular to the Iifting attachment at the centre of the pinhole or tubwiar. Whers a
spreader bar ks direcily connected to the padeyes, a lateral force of 3% shall be used.
) Where two slings are connected to one padeye, or where a sling |5 doubled over a trunnian,
the padeye or runnkon shoukl b= designad for 3 45:55% spiit of the I point fonce betwaen
the two sings.
- Slinga. Shacklss and fItting [8.3.8)
a) For normal offshore conditlons, slings should have a total resistance factor of 4.0 on the
manutacimers rated minimwem breaking strength of the cable compared to the calculated sling
Torce.
o) The total reslstance factor should be increased when unusually severs condlions are
anticlpated. Conversely, the iotal resistance factor may be redweced i 3 minimum of 3.0 for
carefully controlied conditions.
¢) Where two sings are connected to one padeye, of where a sling |5 doubled over a trunnlan,
the padeye or trunnion shoukd be designed for @ 45:55% split of the It point force between
the two sIngs.
d) Shackies and fitings should be such that the manufacturers rated working load ks greater
than or equal to the calcwiated sing force, provised the manutacirers specifications Include
a minimum resistance factor of 1.0 on minimum breaking smengih.

Lo oot

- Diract Litt [2.4.3.a)

Lifting forces for @ structure foaded out by direct IM onio the transponiation barge should be
evaluated only I the Ifing amangement differs from that to be wsed In the Installation, since
|imting In open water will Impose mode severs conditions.

- Herlzontal Movement Onto Barge(2.4.3.b)

Structures skidded onto fransponation barges are subject to load conditions resulting from
mavement of the barge due to tidal luctuations, nearby marine trafic andior changs in drafl,
Ioad condltions Imposed by locaton, siope and'or setilement of supports at al stages of e
skiding operation. Since movement ks normally slow, Impact need not be consldensd.

- Direct LIt (8.5.1)

Action on 3 struciwre that Is Ifad onto the ransporation barge shall be evaluated In
accondance with 8.3, If the Ifing amangement ks the same as that used to ofMoad the
snuciure from the transporiation barge at sea, It will sufMce (o check the [atier kad cases
only.

- Horlzontal movemant onte bargs (8.5.2)

Structures skidded onto transportation barges are subject to acilons reswiting from maovement
o the Darge due 1o tdal Nuchuations, nearty marine irafc andior ¢hange In draf, oad
condltions imposed by location, slope andlor settiement of supports at al stages of the
skiding operation. Since movement Is nommaly slow, Impact need not be conskered.

- Selt-floating structurss [8.5.3)

Self-floabing structures skidde direclly Into the walter al the fabrication yard shall be analysed
to determing the actions on the structures as they mowe down the slipways and Into the
fioating position. Consideration should be given to iocal enviromental conditions and
gynamically Indweed forces,

- 19901-6, Clawse 11 applied to the loadout of variows types of struchure, Including, but not Imited to, steel and concrepe
struciures, TLPS, spars, FPSs, modues, componants and bridges onto Noating of grownded banges ans ships. Addimonal
Information can be found In 52 19902:2007, Clauses B and 22.

- 15901-5, Clawse 11 applied particulany to skidded and fraler-ransparted Noating loadouts In tidal waters.
Recommendations for grounded loadouts or loadouts accomplished by Iting are also Included.

- Envirenrmantal Critaria (2.4.4.0)

The s=lection of environemnial conditions to be used should consider the following:
1. Previous experience along the tow route

2. Exposure ime and rellabliny of predicied “weather windows™

3. Actessibllity of sate havens

DNV Reg. No.: EP034373-2011-01
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- For long ocean tows where the siruciure and barge are unmanned, Me exireme
enviormmental condifions are typically selected to have a probabliity of exceedance during the
tow duratian In the rangs of 1% to 10%. The speciic value wil depend on an evaluation of
accepianle nsks and consequUEnces.

- For short duration fows, the environmental condtions should generally have a refum period
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- F50 199068-1, Clause 12 applies to offehore transportation, Inshore ransporation and ransponation in shellerad areas,
wsing elther wet fow or dry tow. Addiional information can be found In 150 19902-2007, Clause 3 and 22, and 130
19503-2006, Clause 11.
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Transporision

4. Seasonal weather system

5. Approgriateness of the recumence Interval used to determine maximum design wind, wave
and cument conditions and consider the characteristics of the fow, such as slze, structure,
sanslthity, and cost

- Datermination of Forces (2.4.4.c)

a) Beam, head and guartering wind and seas should be consldenad to determing maximien
transportation forces In e tow struchural elemeants.

i) Tows may be analyzed based on gravitational and Inerilal forzes resulting from the tow's rigid
pody motlons using approorate period and amplttude by combining roll with heave and plich
with heave.

) Submierged members should be Investigated for slamming, buoyancy and collapse fonze.
d) Large buoyant overnanging members als0 may afect motions and should be considersd.
2] The effects on long slender members of wing-nduced veriex shedding vibrations should be
Investigated.

|1'_| For long transocean tows, repetitive member stresses may become shgnificant to the fatigue
Itz of certaln member connections or detalls and should be Investigated.

of niot less than 1 year for 523500 In which the tow takes place.

- Environmental Criterla [£.5.2)

The selection of environemnial conditions 1o be used should conskder the folowing:

1. Prewious experience along the tow route

2. Exposure time and rellaolity of predicted “waather windows"

3. Accessinliity of 5afe havens

4. Seasonal weather system

£. Appropriateness of the recwmence Inferval wsed to determing maximum design wind, wave
and current conditions and conslder the characterstics of the bow, such as slze, structure,
sEnshivity, and cost.

- Detarmination of Forces [8.6.3)

&) Beam, head and quarienng wind and s2as should be considered o determing maximum
transportation responses due to the environmental actions on the averall system. In case of
large barge- transportad siructures, the sifness of both the structures and the barge shall be
Incuded In the struchural analysis.

b} Tows may be analyzed basad on a combination of permaneant and Inertla actions resulting
from the tow's rigld body motions wsing appropriate perod and ampiiude oy combining rol
with heave and piich wih heave.

£) Large buoyant overnanging membars als0 may affect motions and should be considared.
d) The efects on long slender memoers of wind-induged vertex shadding viorations showd be
Inwestigatad.

DRW

Fongis

Launching Foroks and Uprghsng

- Guyed Towsr and Templats Type [2.4.5.a)

a) Forces supporting the jacke? on the ways should be evaluated for the full travel of the |acket.
|0} Deflection of the rocker be2am and e efMact on loads throughout the jackets should be
oonsiderad.

&) Horizontal forces required ta Inltiate movement of the [acket shiould be evaluated.

d) Conslgeration showd be given to wind, wave, curment and dynamic forces expacied on the
structure and barge dunng lameching and uprighting.

- Tower Type (2.4.5.0)

Forces should be evaluated for the full fravel of the tower down the ways.

- Hook Load [2.4.5.¢)

Floating |ackets for which Ifing eguipment Is employed for turning o a vertical position should
|22 designed to resist the graviational and Intemal forces required bo upright the jacket

- Launched structuras (8.7.2)
a) A siructure shall not be lauched from 3 bargs If e significant wave helght exceeds 2.0 m
or 1t Is expectad to excead 2.0 m before suMclent on-ootiom stabliity ks achizved.

0) Barge-launched structures shall be analysad to determine the actions on the strucimrs
throughout the launch. Consideration shall be given to hydrosiatle pressure, wind and cument
actions, and the development of dynamically Induced actions resulting from the [aunch.

&) Horzontal actions required to Initlate movement of the structure should also be evalated.
Expecied actions o both the structure and the barge during launching should be considersd.
- Crane azalsted uprighting of structures (5.7.3)

The requirements of 8.3 appiy to this sltuation.

- 50 19301-1, Clause 9.9.3 and Clause 17.5

On-Bottom Stability

- The factors of salety agalnst beanng capacity fallure recommended are 2.0 for on batiom
gravity loads alone and 1.5 for the deslgn environmental condition applicabés for the Installation
|oenoa.

- At the operators discretion, with supporting analyses an altemative of Imiting penstration
criterla may oe us2d.

- Allywanle s122| Sires526 May b= Mcreased by one-Mird whan wave lpading |5 Incisded.

- In the event of rough 52as of If the NstElaton equipment must leave the site for othar
reasons befone the |acket has been adequately secured with plies, the effective weight an
pottom may require adjustment to minimize the pessiblity of jacket movement due to skidding,
overturning, or sodl fallure.

The deslgn shall ensure the followlngs:

a) the Tootings or mudmats have adequate capacity against slidng and bearng fallure, and
that pin-plies, If any, have adequate srength to @woid belng damagead

b} the Tootings, mudmiats, or other beanng compaonants and Srectural Members sUpponing
these, have adequate strengih o avold being damaged

¢} the safety margins against overturming of the struciure are agequale, with the
recommendation that the struciwre be checkad In a plied condition but without the permanent
action of the topsides If placement of the topsldes does not follow shorly after struchure
Instalation.

HORSOK N-D04, K.6.4

The foundation sysiem for the [acke! temporary on-bottom condition prior to Instaliation of the permanent foundation system
shall b2 documenisd 1o have the required foundation stabdlty for the governing environmenial conditions as speciied, and
Tar all redevant Imit states.
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DN
10 SEISMIC DESIGN GUIDELINES
10.1 General

The requirements in API, ISO, and NORSOK relating to seismic design criteria are compared in
Table 10-12 located at end of this section. Both Clause 11 of ISO 19902 (Fixed steel offshore
structures) and ISO 19901-2 (Seismic design procedures and criteria) give the guidelines with
regard to seismic design and analyses of offshore platforms.

The earthquake design guidelines are included in Section 2.3.6 of APl RP 2A. NORSOK seismic
design guidelines are briefly given in Clause 6.5 of NORSOK N-003 and Annex K.4.4.5 of
NORSOK N-004. Seismicity is not normally a design issue in the North Sea. Therefore, Seismic
analysis comparisons are herein mainly focused on ISO and API requirements.

10.2 Design Guidelines Comparison

Summary of API and ISO design guidelines comparison are included in Table 10-12 and
discussed below.

10.2.1 Terminology

The terms SLE (Strength Level Earthquake) and DLE (Ductility Level Earthquake) as used in
APl have been denoted ELE (Extreme Level Earthquake) and ALE (Abnormal Level
Earthquake) in I1SO.

10.2.2 Seismic Risk Maps

The APl RP 2A seismic risk map (Figure C2.3.6-1 in API) provides the effective ground
acceleration for seismic active zones in the offshore US. It is intended to be used for SLE design
with 200-year return period earthquake and can be used for preliminary design or feasibility
studies.

ISO has provided the generic 5% damped spectral accelerations for bedrock outcrop for a 1.0s
oscillator period and for a 0.2s oscillator period respectively for worldwide seismic active
offshore locations. These accelerations have average return period of 1000 years.

10.2.3 Seismic Zones

ISO provides five seismic site zones as presented in Table 10-1.

Table 10-1 Site Seismic Zone in 1ISO
Sa, map (1.0) <0.03g | 0.03gt00.10g | 0.11gto 0.25g | 0.26gto 0.45g | > 0.45g

Seismic zone 0 1 2 3 4
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Sa, map (1.0) is the 1.0s horizontal accelerations
Based on it, the site seismic zones can be determined from worldwide seismic maps.

Six seismic zones are defined in API as shown in Table 10-2 below. The table is based on 200
year return period earthquake.

Table 10-2 Seismic Zone In API
Z 0 1 2 3 4 5
G 0.00 0.05 0.10 | 0.20 | 0.25 | 0.40

Where Z = Zone or relative seismicity factor given in Figure C2.3.6-1.
G = Ratio of effective horizontal ground acceleration to gravitational acceleration

10.2.4 Foundation Soil Types

In ISO, the site soil classifications have been expanded to include A/B, C, D, E and F in contrast
to the soil types of A, B and C used in API. The details are included in Table 10-3.

Table 10-3 Site Class

Average properties in top 30m of effective seabed
Site class Soil profile name Soil shear wave velocity, vs, m/s
(1SO)
A/B Hard rock/Rock, thickness of sediment < vs> 750 (API Soil A)
5m

C Very dense hard soil and soft rock 350 < vs< 750

D Stiff to very stiff soil 180 < v¢< 350 (API Soil B)

E Soft to firm soil 120 < v¢< 180 (API Soil C)

F - Any profile, including those

otherwise classified as A to E.
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10.2.5 Earthquake Response Spectrum
The API RP 2A response spectrum is defined as follows:

T<0.05s S.J/G=1.0
0.05sec<T<0.1255s So/G = 20T
API soil type A :

0.125sec<T<0.32s SJ/G =25
T>0.32s SJ/G=0.8/T
API soil type B :

0.125sec<T<0.48s SJ/G =25
T>0.48s SJ/G=1.2IT
API soil type C :

0.125sec<T<0.72s SJ/G =25
T>0.72s SJ/G=18/T

where G = effective horizontal ground acceleration

The response spectrum defined in ISO 19901-2 is:
Sa’site (T) = (3T+O.4)(Ca)8a'map(0.2) f0r TS 028

Sasite (T) = CySamap(1.0)/T for T>0.2s
except that

Sa,site (T) < Casa,map(O.Z)

Sasite (T) = 4'(:v851,map(1-O)/T2 forT>4s
Where

T = natural period of a simple, single degree of freedom oscillator
Ca, Cy = site coefficients

Sasite (T) = site spectral acceleration corresponding to a return period of 1000 years and a
single degree of freedom oscillator period T

Samap(0.2) = 1000 year rock outcrop spectral acceleration obtained from maps in Annex 2
of 1ISO 19901-2 associated with a single degree of freedom oscillator period 0.2 s

Samap(1.0) = 1000 year rock outcrop spectral acceleration obtained from maps in Annex 2
of ISO 19901-2 associated with a single degree of freedom oscillator period 1.0 s

10.2.6 Earthquake Directional Loads

Both API and ISO suggest that design spectrum should be applied equally (1:1) in both
horizontal directions and one-half of that applied in the vertical direction simultaneously, when
the response spectrum method is used.

NORSOK also suggest the two horizontal directions and one vertical direction combination. One
of the horizontal excitations should be parallel to a main structural axis, with the major
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component directed to obtain the maximum value for the response quantity considered. The
orthogonal horizontal component may be set equal to 2/3 of the major component and the
vertical equal to 2/3 of the major component.

10.2.7 Earthquake Directional Combination

The square root of the sum of the squares (SRSS) is recommended to be used for combining the
directional responses in both API and 1SO.

ISO also states that the three directional responses may be combined linearly assuming that one
component is at its maximum while the other two components are at 40% of their respective
maximum values.

10.2.8 Time History Analysis

When a non-linear time history analysis is used, 1SO requires that global structural survival shall
be demonstrated in half or more of the time history analyses if seven or more time-history
records are used. If fewer than seven time-history analyses are used, global survival shall be
demonstrated in at least four time-history analyses.

API requires that at least three sets of representative earthquake ground motion time histories
should be analyzed.

NORSOK suggests that the load effect should be calculated for at least three sets of time
histories.

10.2.9 Structural Components - Tubular D/t Ratio

API suggests that the slenderness ratio (kl/r) of the primary diagonal bracing in vertical frames is
limited to 80 and their ratio of diameter to thickness (D/t) is limited t01900/F (Fy is the yield
strength in ksi) or 13100/Fy (Fy in MPa).

In ISO, the slenderness ratio (kl/r) of primary bracing in vertical frames shall be limited to no
more than 80 and FyD/E.t < 0.069 or 13800/Fy (Fy in MPa).

10.2.10 Pile Axial Capacity Requirements

API RP 2A requires a safety factor of pile penetration of 1.50 under the extreme condition and
2.0 under the operating condition.

ISO requires a partial resistance factor for pile axial capacity of 1.25 for extreme condition and a
partial resistance factor for the p-y curves of 1.0 is used to determine the lateral pile
performance. The partial resistance factors for axial capacity and lateral pile performance under
ALE conditions shall be 1.0.
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10.3 Seismic Design Comparison

10.3.1 Two Level check
The structure is designed for two levels of earthquakes in APl and 1SO requirements:

e Strength Level Earthquake (Extreme Level Earthquake): 100 — 200 year return period;
Structural stress should not exceed yield. Under SLE (ELE), structure should sustain little
or no damage.

e Ductility Level Earthquake (Abnormal Level Earthquake): 1000-5000 year return.
Structural stress may exceed yield but should not collapse.

In NORSOK, earthquake design includes ULS (Ultimate Limit State) check of components
based on earthquakes with an annual probability of occurrence of 102 and appropriate action and
material factors; as well as an ALS (Abnormal Limit State) check of the overall structure to
prevent its collapse during earthquakes with an annual probability of exceedance of 10 with
appropriate action and material factors.

10.3.2 Action Combinations

ELE Requirements

API states that earthquake loading should be combined with other simultaneous loadings such as
gravity, buoyancy and hydrostatic pressure. Gravity loading should include the platform dead
weight, actual live loads and 75% of the maximum supply and storage loads. In computing the
dynamic characteristics of braced, pile supported steel structures, uniform modal damping ratio
of 5% critical should be used. API also states that the basic AISC allowable stresses and those
presented in Section 3.2 (Allowable Stresses for Cylindrical Members) may be increased by 70%
for strength requirement.

ISO requires that the all members, joints and pile components shall be checked for strength for
using internal force resulting from the design action calculated by the following equations:

Fe=11G;+11G,+1.1Q:+09E (10.1a)
OrFg4=09G;+09G,+0.8Q; +09E (10.1b)
Where

E = the inertia action induced by ELE ground motion, which depends on the exposure
level and the expected intensity of seismic events

G, = self-weight of the structure with associated equipment and other objects

G, = self-weight of equipment and other objects that remain constant for long periods of
time, but can change during a mode of operation

Q1 = the weight of consumable supplies and fluids in pipe, tanks and storage, etc.
A modal damping ratio of up to 5% of critical is the same as the requirement in API.

The inertia action (E) induced by ELE (SLE) ground motion can be determined by dynamic
analysis procedures such as response spectrum analysis or time history analysis.
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NORSOK N-001 states that earthquake shall be handled as environmental action within the limit
state design for ULS and ALS. It can be interpreted into the following equations for ELE:

ULS (a): 1.3G + 1.3Q + 0.7E
ULS (b): 1.0G+1.0Q +1.3E
ALS (Abnormal effect): 1.0G +1.0Q + 1.0 E
Where: G = permanent actions
Q = Variable actions
E = Earthquake action
A modal damping ratio of up to 5% of critical is the same as the requirement in API and 1SO.

ALE Requirements
NORSOK also gives the guideline for action combination for ALS:
ALS (Abnormal effect): 1.0G6 +1.0Q+ 1.0 E

10.3.3 Seismic Design Procedures

API gives the basic guidelines for seismic analysis, but there is not straightforward procedure
can be followed. Compared to API, ISO gives the detailed procedures which are easy for the
designers to follow. The summary of the procedures in 1ISO is included below.

Two alternative procedures for seismic design are provided in ISO, one is “simplified method”
and another is “detailed method”. A simplified method may be used where seismic
considerations are unlikely to govern the design of a structure, while the detailed method shall be
used where seismic considerations have a significant impact on the design. The selection of the
appropriate procedure depends on the exposure level of the structure and the expected intensity
and characteristics of seismic events. Simple method allows using the generic seismic maps
provided in 1SO, while the detailed procedure requires a site-specific seismic study. Figure 10-1
presents a flowchart of the selection procedures and the steps associated with both procedures,
which are given in ISO 19901-2. ISO also summarizes the seismic design requirements in
Table 10-4.

DNV Reg. No.: EP034373-2011-01
Revision No.: 1

Date :2012-01-12 Page 117



DET NORSKE VERITAS

BOEMRE TA&R No. 677

FINAL REPORT ON COMPARISON OF API, ISO, AND NORSOK OFFSHORE STRUCTURAL STANDARDS DRI
Determinge 5, 5 (1, 0) using the Datenmine exposure leval for
maps In Annex B (8.3) the struciure

Determne the slie salsm|e zone,

|6 4a)]
Datermine the salsmlc risk catagory,
SR, for the structue, [6.4 c))
ITSRC 1
Mo evaluatlion requlred
SRC 2, SRC 3" — S|mplifled salsmle BRC 3%, SRC 4 - Detalled salamlz
acllom procedune, (Clause T gctlon procedure, (Clause 8)
Determ|ne Ine selaml: heeard curse
fram sliemspecile study, (8,2 and 8,3)
Determing the slbesspecilc 1 000 Cetermine the slops of the selsmlz
year acce|eratlon spectrum, [7,1) hazard curve 8t Py, gy, [B.4, a) 1o c)]
Determlne the carreclon facter,
o, 184 dy)
Determ|ne the ALE acceleration Determine the: ALE speciral
spectrum, (7.2) acceleratlon and retumn perkod,
B4 e)]
Determine the salsmlc reserve
capacly factor, &, [8.4 1]
Destermmine the selsmic reserve
capaclty faclor, &, (7.2) |
Determ|ne the ELE speciral
accelaration and retum perlod,
[8.4 f} and g)]
Daterm|ne the ELE acceleration Delermlne effects of local solls,
spectrum, (7.2) 18.5)

Deslan

*  SRC 3 strectres may be designed using sither 3 simpiMed or detalied seismic acion procedurs, see Tabie 4.

Figure 10-1 Seismic design procedures in 1ISO 19901-2 (Figure 1lof ISO 19901-2)
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Table 10-4 Seismic Design Requirements (Table in 1ISO 19901-2)

SRC Selzmilec actlon procsdurs Evaluation of selzmile sctivity Mon-lingar &LF analyzla
1 Hone Mone Hiang
2 Simpifiad IS0 maps or reglonal maps Pemmitted
20 Simpifiad She-specific, IS0 maps or regional maps Recommanded
Datalled Shte-specific Racommanded
2 D=talled She-specnc Required

- For an SAC 3 sthucture, a simpified seismic aclon procedure |5 Il most cxses more consensathie than a detaled selsmic action

procedurs. For svaluabon of selsmic acthvity, resulis from & site—specific probablistic selsmic hazard analysks (PEHA), see 52, are
prederresd and should be used, f possible. Othenwise regional or B30 seismic maps may be used. A defalled sefsmic acdon procedurs
reguires resuils from a PEHA whensxs a simpified selsmic action procedurs miay be used in conjuncion with eEher PEHA resulks or
saismic maps jregional or 3:0 maps)

The design requirements in Table 10-4 is based on the SRC determination given below.

SRC Determination

The complexity of a seismic action evaluation and the associated design procedure depends on
the structure’s seismic risk category (SRC). ISO recommends that the following steps shall be
followed to determine the SRC.

1. Determine the site seismic zone from the worldwide seismic maps in ISO, see
Table 10-1.

2. Determine the structure’s exposure level. The simplified seismic action procedure has
been given in Table 10-5.

Table 10-5 Target annual probability of failure, ps

Exposure Level Pt
L1 4 x 10™ = 1/2500
L2 1 x10°=1/1000
L3 2.5 x10°=1/400

3. Determine the structure’s seismic risk category, SRC, based on the exposure level and the
site seismic zone the SCR is determined from Table 10-6.
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Table 10-6 Seismic risk category, SRC
Exposure level
L3 L2 L1

SRC1 | SRC1 SRC1
SRC2 | SRC2 SRC3
SRC2 | SRC2 SRC4
SRC2 | SRC3 SRC4
SRC3 | SRC4 SRC4

Site seismic zone

AW | NI | O

For platforms classified as SRC1, no seismic design or analysis is required.

For platforms classified as SRC2, the simplified method can be used for seismic design and
analysis. ISO maps or regional maps can be used for evaluation of seismic activity.

For platforms classified as SRC3, either simplified or detailed method can be used for seismic
design and analysis. Site specific, ISO maps or regional maps can be used for the evaluation of
seismic activity.

For platforms classified as SRC4, the detailed method shall be used for seismic design and
analysis. A site-specific study shall be performed for evaluation of seismic activity.

Only platforms classified as SRC4, non-linear ALE analysis is required.

Simplified Method
The simplified method includes the following steps:
1) Soil classification and spectral shape
a) Determine site soil classification (Table 10-3)
b) Determine site coefficients (C,, Cy)

Ca, and C, depend on the site class and either the mapped 0.2 sec. or 0.1 sec spectral
accelerations for shallow foundations, see Table 10-7 and Table 10-8.

Table 10-7 C, for shallow foundations and 0.2 s period spectral acceleration (ISO
19901-2 Table 6)

T B
Site class -
=025 g 0,50 g 075 g 107 =128g

AB 1.0 1.0 1.0 1.0 1.0
c 1.2 1.2 1.1 1.0 1.0
D 1.6 1.4 1.2 1.1 1.0
E 25 1,7 1,2 0.5 =]

F " a a
A sRe-specific geotechnical Investigation and dynamic sbe response analyses shall be perfomisd
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19901-2 Table 7)

Table 10-8 C, for shallow foundations and 0.2 s period spectral acceleration (ISO

Fa maesl 1.07)
5lte clasa . map’ 7]
= 01 7 O02g D3g 04 g =05 F

A 1.0 1.0 1.0 1.0 1.0

L= 1.7 1.6 1.5 1.4 1.3

D 2.4 2.1 1.8 1.6 1.5

E 3.5 3.2 248 2.4 24

F [ i i " i
8 A sibe-specHic gectachnical imvesigation and dynamic sie response anaiyses shall be performed.

For deep foundations, the coefficients C, and C, depend on site class only, see
Table 10-9 below.

Table 10-9 Values of C, and C, for deep pile foundation

Site clans C, C,
AB 1,0 a8
C 1,0 1,0
D 1.0 1,2
E 1.0 1,6
F . .
- A slie-specHfic pectechrical imvesbgaticon amd dynamic
slie response analyses shal be perfommed.

c) Determine site 1000-year horizontal acceleration spectrum S, it (T) for different
oscillator periods (T), see /2/.

d) The site vertical spectral acceleration at a period T shall be taken as half the
corresponding horizontal spectral acceleration. The vertical spectrum shall not be reduced
further due to water depth effects.

e) A modal damping corresponding to 5% of critical can be used to obtain the acceleration
spectra. For other damping value, the ordinates may be scaled by applying a correction
factor D:

In(X2%)

" In(20)

where n is the per cent of critical damping

2) Seismic action procedure

The ALE horizontal and vertical spectral accelerations are obtained from the site 1000-year
spectral acceleration multiplied by a scale factor of NALE (Table 10-10), which depends on the
structure exposure level.

SaaLe(T) = NALE * Sgite (T) (10.2)

DNV Reg. No.: EP034373-2011-01
Revision No.: 1

Date :2012-01-12 Page 121



BOEMRE TA&R No. 677
FINAL REPORT ON COMPARISON OF API, ISO, AND NORSOK OFFSHORE STRUCTURAL STANDARDS

DET NORSKE VERITAS

Table 10-10 Scale factors for ALE spectra

Exposure Level ALE scale factor
L3 0.85
L2 1.15
L1 1.60

The ELE horizontal and vertical spectral acceleration at oscillator period T:
SaeLe (T) = Sa ae (T)/Cy (10.3)
Cr is platform reserve capacity factor, which is dependent on the platform ductility.

To avoid return periods for the ELE that are too short, Cr values shall not exceed 2.8 for L1
structures; 2.4 for L2 structures; and 2.0 for L3 structures.

Detailed Method

Detailed method is required for the platforms categorized as SRC 3 and 4.

1) Site-specific Study

This study in normally performed by specialists using probabilistic seismic hazard analysis
(PSHA) and/or with deterministic seismic hazard analysis (DSHA) as a complement to PHSA.
As a result of PSHA, a set of “hazard curves” will be generated in terms of probability of

exceedance versus ground motion or response of single degree of freedom oscillator. Each curve
represents a spectral response to a specific natural period of the oscillator.

2) Seismic action procedure
This procedure is based on PSHA results. The following steps shall be followed to define the
ALE and ELE spectral accelerations:
a) Plot the site-specific hazard curve for T = Tgom 0n a l0gy0-10g;0 basis
b) Choose the target annual probability of failure, Ps (Table 10-5 Target annual probability
of failure, pf ), and determine the site-specific spectral acceleration at Ps, Sz pf(Tdom).
c) Determine the slope of the seismic hazard curve (aR) in the region close to P by drawing
a tangent line to the seismic hazard curve at Pr. The slope ag is defined as ratio of the

spectral accelerations corresponding to two probability values, at the neighbourhood of
P:. One is larger than Pr and another is less than Ps.

d) The correction factor C. is used to capture the uncertainties not reflected in the seismic hazard

curve.
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Table 10-11 Correction factor C.
or | 1.75 2.0 25 3.0 35
C. 1.20 1.15 1.12 1.10 | 1.10

e) Determine the ALE spectral acceleration by applying the correction factor C; to
Sa,pf(Tdom)
SaaLe (Taom) = Ce Sa,pf (Tdom) (10.4)
The annual probability of exceedance (PaLg) for ALE event can be directly read from the seismic
hazard curve.

Tretun = L/Pace (in years)

f) Once the ALE spectral acceleration S, pi(Tqom) IS determined, the ELE spectral
acceleration can be obtained.

SaeLe (Tdom) = SaaLe (Tdom)/Cr (10.5)
The annual probability of exceedance (Pg g) for ELE event can be directly read from the seismic
hazard curve.

Treturn = 1/PgLe (in years) (10.6)

10.3.4 Seismic Analysis Methods
Several analysis methods are discussed in these design codes and summarized as follows:

e Linear methods
1) Response spectrum analysis
i) Time history method (modal analysis method, or direct time integration numerical
analysis method)
e Non-linear methods
1) Static pushover or extreme displacement method

This method is mentioned in both API and ISO. Only ISO gives the procedure to be
followed.

In ISO, the objective of the static pushover analysis is to verify that the seismic reserve
capacity factor, C,, of the structure is greater than that initially estimated for design. C; is
defined as:

Cr = Csr Cdr (10.7)

Where C = AU/AELE, is a factor corresponding to the strengthening region of the action-
deformation.

Cyqr is a factor corresponding to the degrading region of the action-deformation curve. It is
measure of energy dissipation capacity of the structure beyond the ultimate seismic action
and the corresponding deformation.
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_ Ag
Cyr = /1 e (10.8)

Where A4 is the area under the action-deformation curve starting from A ,and ending with
Acap, the deformation capacity of the structure. Acap corresponds to 60% of F.

i) Non-linear time history analysis method

Its objective is to demonstrate that the structure can expected to sustain the ALE seismic
event without collapse and without major topsides failure.

The linear methods can be used for ELE (or SLE) design and analysis, while the non-linear
methods can be used for ALE (or DLE) design and analysis. Response spectrum analysis method
is a relatively simple and cost effective method.

10.4 Summary of Seismic Design Guideline Comparison

Seismicity is not normally a design issue in the North Sea. Therefore, Seismic analysis
comparisons are herein mainly focused on ISO and API requirements. The structure is designed
for two levels of earthquakes in API and ISO requirements:

a) Strength Level Earthquake (Extreme Level Earthquake): 100 — 200 year return period;
Structural stress should not exceed yield. Under SLE (ELE), structure should sustain little or no
damage

b) Ductility Level Earthquake (Abnormal Level Earthquake): 1000-5000 year return. Structural
stress may exceed yield but should not collapse.

Compared to API, ISO 19901-2 gives the clear requirements for ductility level earthquake
analysis and it is easier for the designers to follow.
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Table 10-12 Seismic Criteria Comparison

AP| RP 2A

ISO 19901-2

Earthquake Design

SLE (Strength Level Egrihquake)
DLE {Ductility Level Earthquake)

ELE (Extreme Level Eqrihquake)
ALE (Abnormal Level Earthquake)

Seismic Risk Map

fFigure C2.3.6.1 - Seismic Risk of United States Continental Shelves

Worldwide Seismic Maps (Appendix B)

- The retum pericd selected for the development of the ground motion maps is
1000 year.

- The maps give generic 5% damped spectral accelerations, expressed in g,
for bedrock outcrop for a 1.0 = oscillator period and for a 0.2 s oscillator period
respectively.

Seismic Zones

Zones
0 0.0g
1 0.05g
2 0.10g
3 0.20g
4 0.25g
5 0.40g

IBased on 200-year earthquake

Zones  3a, map (1.0)
0 =0.03g
1 0.03g-0.10g
2 0.11g-0.25g
3 0.26g - 0.45g
4 =0.45g
Sa,map(1.0) is the rock outcrop 1.0 second horizontal spectral acceleration
corresponding to 1000-year earthquake.

Foundation Soil

S0il shear wave velocity, fifsec

Soil class |Soil profile name |Soil shear wave velocity, v, mis

Soil Class Soil Profile
AlB Hard rock/Rock,
Rock - crystalline, conglomerate, or thickness of ve = 750
A shale-like material = 3000 fi'sec (214 misec) sediments = 5m

“ery dense hard
[ s0il and soft rock

350 < vy < 750

Shallow strong alluvium - component
sands, silts and stiff clays with shear
strengths in excess of about 1500psf
(72 KPa), limited to depths of less than
about 200 ft (61m), and overlying rock-
IE like materials

SHiff to very stiff

] 180 < v, = 350
s0il

Deep strong alluvium - components
sands, silts and stiff clays with
thickness in excess of about 200 ft
{61m}) and overlying rock-like

C materials

E Soft to firm soil 120 < vy = 180

F - Any profile, including those otherwise classified as

AtoE

Earthquake Directional Loads (Actions)

1.0:1.0 {two horizontal orthogonal dir)) and 0.5 (vertical), acted simultansuously)

1.0:1.0 {two horizontal orthogonal dir.) and 0.5 {verical), acted simulianeuously

Earthquake Directional Combinations

root of the sum of the squares method(SR33)

SRSS or 1 component 100%, and 40% of its maximum values in other 2
components combined linearly

Time History Analysis

Jninimum 3 seis of time history records

Minimum 4 sets of time history records

Response Spectrum Shape

IT:zd.CI seconds, Sa(T) proportional to 1/T

T=4 0 seconds, Sa(T) proportional to 1T

Structural Slenderness (DLE or ALE)

|k|fr = 80 (primary diagonal bracing)

klir = 80 (primary diagonal bracing)

Tubular Dt Ratio (OLE or ALE)

o < 1000iF,

Dit = 2000/F,

Pile-Soil Performance for ELE

e = 0.80 (axial) (1/0.8 = 1.25)

Partial resistance factor - 1.25 (axial)
Partial rasistance factor - 1.00 (p-y curves)

File-S0il Performance for ALE

ez = 1.0 {axial)

Partial resistance factor - 1.00 {axial)
Partial resistance factor - 1.00 (p-y curves)

Pile Axial Capacity Requirements {General)

API-LRFD

ihoe = 0.80 (axial) (extreme conditions) (1/0.8 = 1.25)
ee = 0.70 (axial) (operating conditions) (1/0.7 = 1.429)
API-WSD

IFau:tu:ur of Safety = 1.50 (extreme conditions)

Factor of Safety = 2.00 {operating conditions)

Partial resistance factor - 1.25 {extreme conditions)
Partial resistance factor - 1.50 (operating conditions)
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APIRP 2A

1SO 19901-2

NORSOK N-003 & N-004

1.The strength requirements are presented to provide resistance to moderate

1. The seismic ULS design event is the extreme level earthquake (ELE). The structure

1. ULS {strength) check of components based on earthquakes with
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E earthquake, which have a reasonable likelihood of not being exceeded during E shall be designed such that an ELE event will cause little or no damage. The ULS E an annual probability of occurrence of 107 and appropriate action
% the life of the platform, without significant structural damage. g requirements are intended to ensure that no significant structural damage occurs for a g_- and material factors:
o 2. To prevent collapse of the platform in the event of rare intense earthquake [ level of earthquake ground motion with an adequately low likelinood of being exceaded o 2. ALS check of the overall structure to prevent its collapse during
g ground motions. E during the design service life of the structure. _ E earthguakes with an annual probability of exceedance of 10~ with
2 £ 2. The ALE {abnormall level earthq_ugke_: requirements are |_ntenﬂed to ensure that the 2 appropriate action and material factors
'g 'g s?ru;ﬂurt_—:- and fclurjda_tu:ln h_aEre_ sufficient reserve stren_gth. I:I_lsplacemerjt andfor energy 'g 3. This provisions mainly focus on Norwegian continental shelf.
E & dlsiismatlcun capacity to maintain the overall structural integrity and avoid structural E
collapse.
1.The analysis model should include the three dimentsional distribution of 1. Design Action 1. The number of vibration modes in the analysis should represent at
platform stiffness and mass; Fa=11G, +11G:+1.1Q, + 0.5E least 90% of the total response energy of all modes.
2. Earthquake loading should be combined with other simultanecus loadings where E: the inertia action induced by the ELE ground-motion and determined 2. In the absence of more accurate information, a medal damping
g such as gravity, buoyancy, and hydrostatic pressure; using dynamic analysis procedures such as response spectrum or tme-history analysis ratio of 5% of critical may be used.
o |Gravity loading should include the platform dead weight (comprised of the G, and G;: permanent actions; Q,: variable action; and shall include actions that are 3. Earthguake shall be handled as environmental action within the
'-""-'E WE@hT of the structure, Equipment, EDDUHEHGHCES), actual live loads and 75% ||||;_e|-:llr to he present during eanhquake_ limit state design for LLS:
‘; of the maximum supply and storage loads. 0 @ |ULS (a) 1.3G+1.3Q+07E
% 3. In computing the dynamic characteristics of braced, pile supported steel % When contributions to the action effects due to weight oppose the inertia actions due to % ULS (b):1.0G+1.0Q+1.3E
2 strcu_:ures, un_lfcnrm modal damping ratios of 5% critical should be used for an = |the earthquake, c
= elastic analysis. g Fy=08G, +09G, = 038Q, +0.9E ‘E
= & |where G,, G, and Q. shall include only actions that are reasonably ceriain to be present 8
§ 5 during an earthquake. E
% T |2. The mass used in the dynamic analysis: g
g x - the permanent actions G1 and G2 <
o - 75% of the varable actions Q1
= - the mass of entrapped water, and the added mass
w 3. A modal damping ratio of 5% of critical may be used in the dynamic analysis of the
ELE event.
1. Response spectrum method - ong design spectrum is applied equally in 1. In both methods, the base excitaiions shall he composed of three motions, i.e. two 1.Earthguake motion can be described by two orthogonal horizontal
c hoth horizontal directions. An acceleration spectrum of one-half that for the orthogonal horizontal motions and the veriical motions. motions and the vertical motion action simultaneously.
}E given zone should he applied in the vertical direction. The complete quadratic = 2. Response spectrum method - When responses due to each directional component 2. One of the honzontal excitations should be parallel to a main
a combination (CQC) method may be used for combining modal responses and -E 2 \of an earthquaks are calculated separately, the responses due to the three earthquake 2 |structural axis, with the major component directed to obtain the
E _|the square root of the sum of the squares (SR33) may be used for combining a8 =|directions may be combined using the root of the sum of the squares method. =|maximum value for the response quantity considered. Unless maore
E @ o3 [the directional response. At least two modes having the highest overall W ,'4:: Alternatively, the three directional responsas may be combined linearly assuming that ,'4:: accurate calculations are performed, the orthogenal honzontal
E E « |response should be included for 2ach of the three principal directions plus § @ |one component is at its maximum while the other two components are at 40% of their o component may be set egual 1o 2/3 of the major component and
g |3 o |significant torsional modes. g Eh respective maximum values. Eh vertical component equal fo 2/3 of the major component, referred to
S| 2 2. Time history method - the design response should be calculated as the E T 3. Time history method - 2 minimum of 4 sets of time history records shall be used to {3 @ bedrock.
€ | 2 |average of the maximum values for 2ach of the time histories considered. w & |capture the randomness in seismic motions. The ELE design is satisfactory if the code 5 | £|3. Time history method - the load effect should be calculated for at
ﬁ, g E utilization maxima are less than 1.0 for half or more of the records; a scale factor of 1.05 least three sets of time histories. The mean values of the calculated
E = - shall he applied to the records if less than 7 sets of records are used. action effects from the time history analyses may he taken as basis
= o for design.
@ 1. The structural members should not exceed yielding of the complete section 5 1. All primary, secondary structural and foundation components shall sustain little or no Material Factor v, =1.15
ar buckling. = damage o the structure. Limited non-linear behaviour (e.g. yvielding in steel) is
2. For strength requirement, the basic AISC allowable stresses and those af permitted, but brittle degradation (e.g. local buckling in stesl) shall be avoided.
—|presented in Section 3.2 (Allowable Stresses for Cylindrical Members) may be 2. The internal forces in joints shall stay below the joint strengths, using the calculated
ﬁ increased by 70 percent. (elastic) forces and moments.
i |- For combined earthquake loading and hydrostatic pressure, the suggested 3. Masts, dermricks and flare structures shall be capable of sustaining the motions
o |safety factors for local buckling and interaction formulza listed in Section 3.2 are transmitted via the structure with litile or no damage.
?;_ as follows: 4. For the design of piles for ELE event, a pariial resistance factor of 1.25 shall he used
E Axial Tension 1.0 to determine the axial pile capacity and a partial resistance factor of p-y curves of 1.0 =
~i| Axial Compression 1.0-1.2 @ |shall be used to determine the lateral pile performance. E
| Hoop Compression 1.2 c iy
T |4. Addtional Guidelines E i
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deformation levels.

API RP 2A ISO 19901-2 NORSOK N-003 & N-004
ﬁ a) Tubular joints are sized for the yield or buckling capacity of incoming 2 o
£ |members, 50 that premature failure of the joints will ke aveided and the ductility 2 i
E of the averall structure can be fully developed. w E
@ [b) Joint capacity may be determined in accordance with Section 4.3 except that w @
ﬁ Equations 4.3-1, 4 3-2, and 4.3-3 should all have the safety factor (FS) set o
= |equal to 1.0. See Commentary for the influence of chord load and other detailed
& |considerations.
é c) Deck-supported structures, and equipment tie-downs, should be designed
& \with a one-third increase in basic allowable stresses. This lower
I lincrease in design allowables for strength level earthquake loads
comparad to a full yield stress allowahle typically used for jackets is
intended to provide a margin of safety in lieu of performing an explicit ductility
level analysis.
- 1. The intensity ratio of the rare, intense earthquake ground motions to strength = 1.5tructural and foundation models shall include possible stiffness and strength =4 1. The number of vibration modes in the analysis should represent at
% level earthquake ground motions is 2 or less. E degradation of componets under cyclic action reversals. {—: least 00% of the total response energy of all modes.
@ g7 |2 Systems are jacket type structures with 8 or more legs. = |2. The ALS analysis shall be based on best estimate values of modelling parameters = |2. In the absence of more accurate information, a modal damping
- E = |such as material strength, soil strength and soil stifiness. = |ratio of 5% of critical may be used.
5 i F 13, A modal damping ratio of 5% of critical may be used in the dynamic analysis of the £ |3. Earthquake shall be handled as environmental action within the
B £ |ALE event £ |limit state design for ALS {abnormal effect).
E = 2 |ALS (a) 1.0G +1.00 + 1.0E
— wl ul
1. Jacket legs, including any enclosed piles, are designed to meet the 1. In bhoth methods, the base excitations shall be composed of three maotions, i.e. two 1.Earthquake motion can be described by two orthogonal horizontal
requirements of 2.3 6cd, using twice the strength level seimic loads; orthogonal horizontal motions and the vertical motions. motions and the vertical motion action simultaneously.
2. Diagonal bracing in the verical frames are configured such that shear forces 2. The following two methods of analysis are allowed for the ALE design check: 2. One of the horizontal excitations should be parallel to a main
hetween horizontal frames or in veriical runs between legs are distributed a) the static pushover or exireme displacement method - 0 be used {0 determine structural axis, with the major component directed to obtain the
& |@pproximately equally to both tension and compression dizgonal braces, and c possible and controlling global mechanisms of failure, or the global displacement of the maximum valug for the response quaniity considered. Unless more
E that “K” bracing is not used where the ability of a panel to tfransmit shear is lost % structure (beyond the ELE) accurate calculations are performed, the orthogonal honzontal
o if the compression brace buckles. Where these conditions are not met, 5 i) the non-linear time history analysis method - performing a displacement controlled component may be set equal to 2/3 of the major component and
g f; including areas such as the porial frame between the jacket and the deck, the & 2 |structural analysis. 2 |vertical component equal to 2/3 of the major component, referred to
E o [structural components should be designed to meet the requirements of Section ﬁ %:‘ 3. A minimum of 4 sets of ime history records shall be used to capture the randomness %_“ bedrock.
@ E 2.3 6cd using twice the strength level seismic loads. o E in seismic motions. [T 7 or more time history records are used, global structure survival E 3. Time history method - the load effect should be calculated for at
S 2|3, Horizontal members are provided hetween all adjacent legs at horizontal ﬁ o shall be demonstrated in half or more of the ime history analyses. If fewer than 7 time @ @ least three sets of time histories. The mean values of the calculated
3 _ﬁ framing levels in vertical frames and that these members have sufficient il g history records are used, global survival shall be demostrated in at least 4 fime history EI g action effects from the time history analyses may he taken as hasis
'::'; E compression capacity to support the redistribution of loads resulting from the o 2-lanalyses. 2 |for design.
= a (buckling of adjacent diagonal braces. 2 & &
‘g .IEE:.1 4. The slenderness ratio (KIir) of primary diagonal bracing in vertical frames is ;
o g |limited to 20 and their rafio of diameter to thickness is limited to E
O | 1200/Fy where Fy is in ksi (12100/Fy for Fy in MPa). All non-tubular 2
memhbers at connections in vertical frames are designed as compact o
sactions in accordance with the AISC Specifications or designed to meet <
the requirements of 2.3.6¢4 using twice the strength level seismic loads.
1. Structure-foundation systems which do not meet the conditions listed in 1. Structural elemenis are allowed to exhibit plastic degrading behaviour (e.q. local Material Factor v, =1.0
w |2.3.6d2 should be analyzed to demonstrate their ability to withstand the rare, buckling in steel), but catastrophic failures such as global collapse or failure of a o
2 lintense earthguake without collapsing. é cantilevered section of the deck should be avoided. S
3 |2. The time history method of analysis is recommended. E 2. Stable plastic mechanisms in foundations are allowed, but catastrophic failure modes z
L 3. At least three sets of representafive earthquake ground motion time histories ‘tﬁ sych as instability and collapse should be avoided. E
E should be analyzed. 5 3. Joints are allowed to exhibit limited plastic behaviour but should stay within their =
‘g w |ultimate strengths. Alternatively, where large deformations in the joints are anficipated, uE"
é ; they shall he designed to demonstrate ductility and residual strength at anticipated é
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11 CASE STUDIES

This section describes the two case studies performed within the framework of the comparison
study, to demonstrate how the differences in the design codes would affect utilization of the
structure. Two studies were performed, analyzing a fixed platform and a floating structure
separately in order to assess the different methods and applicable standards for types of structures.
It should be stated that even though the selected structures are representative, they have only been
analyzed with the objective of comparing the standards and not actual design optimization or
practical construction considerations.

11.1 Fixed Platform

11.1.1 Introduction

The purpose of the first case study was to analyze a fixed production platform utilizing the loads and
utilization formulas described in the API, 1ISO, and NORSOK design codes. With BOEMRE’s
agreement, DNV utilized one of the Finite Element models from its archives. The available model of
the platform was representing a structure designed for more benign environment than those present
in the GoM. Therefore, some modifications were necessary to assure that the platform will more
realistic in withstanding the increased wave loads. The strengthening of the platform was realized
by simply modifying the cross sectional properties for all structural members of the jacket by
increasing the outer diameter (OD) and wall thickness. Several iterations of the FE analyses and
code checks, utilizing the FE models with different OD to thickness changed ratios were performed,
to assess the effect of increased loads on the structure (due to larger diameter of the members,
combined with increased wave loads) on the utilization of the members. The motivation behind this
initial process was the limitation of applicability of the code check formulae and the resulting
adequate range of the member utilization (close to unity). The code check used in this initial
screening procedure was performed according to the APl RP 2A which was the original design code
used in the design of the platform. Based on the results of this exercise, a model with OD and wall
thickness uniformly increased for all members of the jacket structure by 40% was found to be
appropriate with utilization of all elements falling within allowable limits. The diameter and wall
thickness of the piles were also increased by an identical scaling factor. No modifications were
deemed necessary for the topside structural members since they were outside the focus of this study.

Another significant modification of the original platform model was a reduced water depth to
simulate the analyzed GoM platform location. The water depth was adjusted to accommodate the
increased wave height and to assure positive deck clearance in the extreme weather conditions.

11.1.2 Analysis Methodology

The modeling, load application, analysis and code checking were performed utilizing GeniE, an
advanced engineering software tool for designing and analyzing offshore and maritime structures.
Several DNV programs are incorporated into GeniE, providing users with ability to perform
complete analyses, including pre- and post-processing, within one program.
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The concept model developed in GeniE allows the user to define complex model of the structure,
apply the permanent, functional and environmental loads, and define model properties used by other
programs in the package. The hydrostatic and hydrodynamic forces due to waves and currents,
together with wind loads are computed by WAJAC (according to Morison’s equation), and are
automatically transferred for subsequent structural analyses. The non-linear soil-pile analysis is
performed in SPLICE, in combination with SESTRA. SPLICE solves the displacements at the pile-
structure interface points for a linear-elastic superstructure modeled with non-linear pile
foundations. Finally, the FE analysis is performed in SESTRA, the DNV solver for linear structural
FE analysis, and the results are imported into GeniE for further post-processing. The element forces
calculated by SESTRA are mapped to the capacity model created within GeniE. The final step of
the analysis was performing the unity checks, using the code check formulations which are already
implemented in the software.

A two parts comparison was performed within the scope of this case study. The first part focused on
the global loads comparison, while the second part compared actual utilization formulae specified in
the three codes.

11.1.2.1 Comparison of the Global Loads

The global loads comparison was performed using the output files from the wave analysis in
WAJAC. This exercise was performed for the extreme condition, 100-yr hurricane for Central
GoM. The purpose of this study was to compare the global loads on the structure generated
according to the environmental load recipes and combinations, formulated based on the three
standards: API RP 2A with API Bulletin 2INT-MET, 1SO 19902 and NORSOK N-003.

The wave loads were computed using each standard for 8 wave headings and 36 wave steps and
reported in the listing files; see Appendix B. WAJAC creates two separate load cases based on the
calculated maximum base shear force and maximum overturning moment which occur at two
different phase angles (see Table 11-3).

11.1.2.2 Comparison of Member and Joint Utilizations

The main focus of this part of the comparison study was the member utilization formulas. To assure
that the results obtained from the analyses are comparable, the permanent, variable and
environmental loads were kept identical. This assumption was made to isolate from the results an
impact of differences in the requirements regarding the environmental loads on final member
utilizations. For the LRFD method (ISO and NORSOK), action factors were applied. After the FE
Analysis was completed, computed element forces were mapped to the capacity model, and member
and joint utilizations were calculated for the jacket structure. All parameters utilized in the code
check (e.g. member buckling lengths, moment reduction factors) were applied according to the
Design Standards requirements. Only one case for each of the code checks was analyzed — peak
wave case for the 100-yr hurricane for Central GoM.

Figure 11-1 shows the capacity model defined in GeniE. The code check was performed on the
main structural members of the jacket structure. Utilization of the deck structure was not evaluated
since it is not as significantly influenced by the environmental loads. The GeniE software
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recognizes the joint type (Y, X, or K) based on the geometry of joints and the load path and
categorizes the members (chord or brace) intersecting at the considered joint.

Figure 11-1 Capacity Model in GeniE

11.1.3 Boundary conditions

In order to define identical boundary conditions, the same pile-soil model properties were defined
for all cases analyzed within the case study. The composition and properties of the soil simulated in
the analyses represent soil, which can be found in the GoM. Four (4) groups of three (3) piles, with
approximate penetration of 110 m provide the foundation for the jacket structure. The pile-soil
model consists of 8 (eight) soil layers, with properties as presented in Table 11-1. API methods
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were used to generate the soil property curves: the lateral soil resistance P-Y (API1-87), the axial pile
load transfer-displacement T-Z (API1-93), and the pile tip load-displacement Q-Z (API-93).

Table 11-1 Properties of Soil Layers

Undrained | Angle of
Layer | Soiltype | From To Su_bmer_ged Shear Intgrnal API-J
Unit Weight Strenath Ericti Factor
g riction
- [m] [m] [KN/m3] [kPa] [deq] -
1 clay 0 5.0 8 5to0 20 0.25
2 clay 5.0 22.0 10 80 0.25
3 sand 22.0 27.5 9.5 30
4 clay 275 36.0 10 100 0.25
5 sand 36.0 54.0 9.5 35
6 sand 54.0 100.9 10 37
7 clay 100.9 110.5 11 290 0.25
8 sand 110.5 140.0 10.5 35

The pile capacity evaluation was excluded from the scope Scope of work Work of this study,
therefore the pile-soil model was utilized to only formulate realistic boundary conditions for the
structural model.

11.1.4 Loads and Load Combinations

Only the extreme 100-year hurricane environmental scenario was analyzed — corresponding to the
peak wave case (ULS-b in LRFD). A total of 16 load combinations were analyzed in each analysis.
For simplicity, the number of load combinations was reduced from that of the original model,
analyzing only one position of the drilling module. All permanent and variable loads, as per original
design report, were applied to the model.

Wave loads were calculated by WAJAC and applied to the structure, eight (8) wave headings with
45 deg increments were analyzed (see Figure 11-2). Single design wave approach was employed.
Only the peak wave case for extreme condition was analyzed. The conductor shielding factor
defined in the program was calculated based on transverse and longitudinal distance between the
conductors. The wave kinematics factor of 0.88 was used. Uniform marine growth with 38.1 mm
thickness was modeled for 60 m below waterline. Current blockage factor, varying between
analyzed wave headings, was used in the analysis (0.70 for end-on, 0.85 for diagonal, and 0.80 for
broadside heading). The “Wheeler” current stretching was used in the analyses.
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Figure 11-2 Analyzed Wave Headings

The environmental loads analyzed in the global loads comparison study, are presented in Table 11-2.
It should be highlighted, that the NORSOK standard does not include any direct guidance regarding
the environmental loads for hurricane condition in the GoM, therefore the wave, current and wind
loads model has been specified based on API 2INT-MET requirements, and load combinations were
created based on the NORSOK N-003 standard (ref. Section 2.4.1 for details).

In all runs analyzed in the member utilization comparison study, the environmental loads were
computed according to requirements of APl 2INT-MET. This decision was based on the fact, that
all considered design codes allow using site-specific Metocean data in the design. It is also believed
that the Metocean data for the GoM included in the API standard has most recently been updated (in
2007) and is therefore adopted herein.
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Table 11-2 Wave Load Analysis Input Summary

API ISO NORSOK
Water Depth (Including Surge) m 110 110 110
Max Wave Height * m 26.0 24.3 26.0
Max Wave Period S 13.9 13.2 13.9
Wind Direction (Relative to Wave) deg -15 0 0
Avg. Wind Speed m/s 45.6 46.1 48
Current Direction (Relative to Wave) deg 15 0 0
Current Speed *@ Surface m/s 1.68 2.1 1.32
Current Speed *@ Middle of Profile (Elev.) m/s 1.46 (32) 1.76 (35) | 1.11(35)
Current Speed *@ Bottom of Profile (Elev.) m/s 0.00 (64) 0.09 (70) | 0.00 (70)
Current Speed @ Mudline m/s 0.00 0.09 0.00

1) Adjusted to the water depth, as per Standards requirements

The environmental loads presented above illustrate different philosophies behind creating the load
combinations for FE analyses. Input to the wave analysis for APl and NORSOK runs was assumed
to be identical; however the guidance for creating the load combinations (only peak wave case was
considered) differs between standards. Table 5-1 in APl 2INT-MET /11/ provides factors for
combining independent extremes into load cases (i.e. for 100-yr hurricane wind speed is reduced by
0.95, and current speed by 0.75), whereas NORSOK N-003 recommends combining the 10-yr
current with 100-yr wind and 100-yr wave actions. 1SO follows similar philosophy to API factoring
the loads with the same return period, however the adjustment is limited to the current speed only
(factor of 0.90 is recommended in the ISO 19901-1, Table C.21).

11.1.5 Results
This section presents the results summary only. The detail results can be found in Appendix B.

11.15.1 Comparison of the Global Loads

Table 11-3 presents summary of the results from the comparison of the global loads, induced on the
structure by the environment. It can be seen; that the loads and load combinations formulated as per
API Standards requirements resulted in largest magnitude of the calculated Base Shear, while the
maximum calculated Overturning Moment was observed in the 1ISO run. The loads computed by
software show only minor differences between the runs with smallest and largest loads (~1%
difference for both Base Shear and Overturning Moment).
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Table 11-3 Results of the Global Loads Comparison

Heading Max Base Shear Max Overturning Mom.!
deg MN Phase MNm Phase
0 70.5 340 6829 350
45 67.7 350 6872 350
90 71.2 350 7551 350
135 67.8 350 7002 0
API 180 67.8 0 6541 0
225 66.8 350 6221 0
270 71.4 350 6908 350
315 70.0 350 6711 350
MAX 71.4 - 7551 -
0 68.0 340 6707 340
45 67.3 350 6982 350
90 70.7 350 7634 350
135 66.3 350 6794 0
1ISO 180 65.2 0 6403 0
225 66.5 350 6322 0
270 70.8 350 6990 350
315 67.5 350 6516 350
MAX 70.8 - 7634
0 69.0 340 6725 350
45 66.6 350 6849 350
90 70.7 350 7592 350
135 65.7 350 6660 0
NORSOK | 180 66.3 350 6438 0
225 65.8 350 6183 0
270 70.8 350 6948 350
315 66.8 350 6382 350
MAX 70.8 - 7592 -

1) Reference point [0,0,0] - CL of the platform, at the Mudline elevation

The results shown above represent the global loads induced on the structure, calculated by WAJAC.
These results however do not include applicable load/action factors for LRFD methods (ISO and
NORSOK), which normally would be considered during the structural analyses (not performed at
this stage of the study). It is believed that for the analyzed ULS-b limit state, considering applicable
factors (1.35 for the 1SO, and 1.3 for NORSOK), the largest factored global loads would be
calculated for the I1SO run.
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11.15.2 Comparison of the Members and Joints Utilization

This section presents the result summary for the comparison of the structure utilization. These
results were divided into two separate sub-sections, where results for members and joints are
summarized separately.

a) Member Results

Member utilization results are presented in Tables 11-4 through 11-6.

Table 11-4 presents the results for the base case (API), with corresponding utilization for the
remaining Code Check runs (ISO and NORSOK). Utilization Factors (UF) of fifteen (15) highest
utilized members from the APl Code Check were presented side-by-side with UFs calculated for the
corresponding members, for the same Load Cases, from the ISO and NORSOK runs. The maximum
UF reported for each member is compared, without considering the position along the member,
where it was calculated.

Table 11-4 Maximum Member Utilization Results — Base Case (API)

. API Cortesponding UNZANON_—__ et o Total Utilization
UF! | Formula | LC UF | Formula | UF | Formula | UFap//UFiso | UFapi/UFnorsok
1 513 1.00 | 3.3.4-3 8 093 | 13.2-31 | 0.80 6.15 1.08 1.25
2 505 099 | 3.3.4-3 1 093 | 13.2-31 | 0.79 6.15 1.06 1.25
3 1651 098 | 3.3.4-3 15 090 | 13.2-31 | 0.80 6.15 1.09 1.23
4 1622 097 | 3.3.4-3 13 090 | 13.2-31 | 0.80 6.15 1.08 1.21
5 96 0.89 | 3.3.3-1 2 0.81 | 13.2-31 | 0.62 6.15 1.10 1.44
6 342 0.77 | 3.3.3-1 15 0.72 | 13.2-31 | 0.52 6.15 1.07 1.48
7 2707 0.75 | 3.3.3-1 7 054 | 13.2-31 | 0.50 6.42 1.39 1.50
8 350 073 | 3.3.3-1 3 054 | 13.2-31 | 0.48 6.42 1.35 1.52
9 348 072 | 3.3.3-1 11 054 | 13.2-31 | 0.47 6.42 1.33 1.53
10 343 072 | 3.3.3-1 5 072 | 13.2-31 | 051 6.15 1.00 1.41
11 2708 072 | 3.3.3-1 11 054 | 13.2-31 | 0.47 6.42 1.33 1.53
12 351 071 | 3.3.3-1 7 054 | 13.2-31 | 0.48 6.42 1.31 1.48
13 3083 0.68 | 3.3.3-1 15 054 | 13.2-31 | 0.47 6.42 1.26 1.45
14 448 068 | 3.3.3-1 8 051 | 13.2-12 | 0.51 6.42 1.33 1.33
15 346 0.67 | 3.3.3-1 13 054 | 13.2-31 | 0.44 6.42 1.24 1.52

1) 33% increase of the allowable stresses included (only extreme load case was analyzed)

Results presented in

Table 11-4 for the base case show that the UF calculated according to the API code check formulae
are consistently higher than results for remaining codes by up to 39% for ISO and 53% for
NORSOK for those 15 members. The lowest utilization was calculated for members according to
the NORSOK code check. For the base case, no member was found to fail the code checks (i.e.;
there was no overstressed elements).
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The results for the highest utilized members for the 1ISO and NORSOK Code Check runs are
presented in Table 11-5. The results show good correlation in the order in which members are
listed, showing only two member differences (last two in the table).

Table 11-5 Maximum Member Utilization Results — ISO and NORSOK

1SO LC NORSOK Corresponding Utilization (API)
Member UF Formula Member UF Formula UF! Formula
1 740 1.46 | 13.6-21 13 740 1.36 6.71 0.62 API Cone
2 462 1.41 13.6-21 13 462 1.31 6.71 0.60 API Cone
3 1690 1.36 | 13.6-21 5 1690 1.26 6.71 0.58 API Cone
4 461 1.30 | 13.6-21 5 461 1.21 6.71 0.56 API Cone
5 41 1.28 | 13.6-21 5 41 1.16 6.71 0.61 API Cone
6 36 1.18 | 13.6-21 13 36 1.06 6.71 0.56 API Cone
7 31 1.14 | 13.6-21 7 31 1.04 6.71 0.46 API Cone
8 749 1.04 | 13.6-21 15 749 0.96 6.71 0.61 API Cone
9 10 1.02 13.6-21 5 10 0.93 6.71 0.47 API Cone
10 21 1.01 13.6-21 3 21 0.93 6.71 0.38 API Cone
11 647 096 | 13.6-21 3 647 0.89 6.71 0.56 API Cone
12 646 095 | 13.6-21 8 646 0.88 6.71 0.57 API Cone
13 2 094 | 136-21 13 2 0.86 6.71 0.43 API Cone

14 505 0.93 13.6-31 | 1/12°2 748 0.85 6.71 0.99/0592 | 3.3.4-3/Cone?

15 513 0.93 13.6-31 | 1/13°2 1647 0.83 6.71 0.98/0.44° | 3.3.4-3/Cone?

1) 33% increase of the allowable stresses included
%) corresponding to 1SO / NORSOK

It should be highlighted that the formulae giving the maximum utilization factors for the members
presented in Table 11-5 describes the utilization of the conical transitions (except Members 505 and
513 in ISO run). There is 10 (ten) members failing the 1SO- , and 7 (seven) failing the NORSOK
code check. It can also be seen that the difference between the results for the ISO and NORSOK
code checks is rather consistent and the 1SO calculated utilization is about 10% higher.
Corresponding utilization for the API Code Check for these members were found to be significantly
lower (about 50%) with no member has failing the unity check.

In order to complete the case study summary, results for the 6 (six) chosen members for all Code
Check runs are presented and compared in Table 11-6 and Table 11-7. The member selection was
based on the type and location (one brace and one leg member from the top, middle and bottom
sections of the jacket), to capture an impact of the ratio of the dynamic to total load on the
utilization. The total and partial utilizations (due to axial force and bending moment) are reported.
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Table 11-6 Member Utilization Results — Chosen Members

Member Utilization Factor
U I:API UFISO UFNORSOK

ID Location | Type | TOTAL | Axial | Bending | TOTAL | Axial | Bending | TOTAL | Axial | Bending
1674 Leg 029 | 026 | 003 040 | 033 | 007 037 | 030 | 007
1678 | 'oP Brace | 056 | 0.39 | 0.8 071 | 042 | 029 070 | 039 | 030
43 Leg 047 | 043 | 004 050 | 047 | 0.03 048 | 043 | 005
6oz | Middle m e | 064 | 050 | 005 073 | 066 | 007 069 | 062 | 006
1286 Leg 049 | 042 | 007 061 | 048 | 013 058 | 044 | 014
aay | BOWOM Rrce | 041 | 036 | 005 049 | 042 | 007 049 | 041 | 008

Table 11-7 Ratio of Total Utilization — Chosen Members

Member Ratio of Total Utilization
ID Location Type UFapi/UF 50 UF api/UFnoRrsok
1674 Leg 0.74 0.79
Top
1678 Brace 0.79 0.81
43 Le
Middle g 0.94 0.97
662 Brace 0.88 0.93
1286 Leg 0.81 0.85
Bottom
442 Brace 0.83 0.83

Results presented in Table 11-6 and Table 11-7 show that member results for the API code check
are less conservative than for remaining codes. However, it is an expected difference for the
analyzed case (extreme condition for the API run and ULS-b for the ISO and NORSOK), due to a
significant increase of the environmental loads for the LRFD method. The difference between the
API code check and remaining results is less significant in the middle section of the jacket, where
the effect of the environmental load is expected to be lower than at the top and the bottom of the
structure.

It can also be seen, that the utilization calculated for the 1ISO code check is roughly 5% higher than
for the NORSOK. The code check formulae are very similar or identical for most of the failure
modes in these two codes (ref. Section 3 for details). The difference in calculated utilizations can be
caused by different load/action factors applied to the load cases with permanent and variable loads
in 1ISO and NORSOK runs (1.1 vs. 1.0, respectively).
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b)  Joint Results

The original structure of the platform was designed without overlapping joints. However, due to re-
sizing of the jacket members (described in Section 11.1.1), several members originally designed as
non-overlapping were overlapping, causing the joints to fail. The results for these joints were not
reported. This was not deemed significant for this study which is not concerned with design
optimization but rather only code comparison.

Tables 11-8 through 11-10 present the results summary for the joint utilization. Similar to the
member results, the results are presented in three separate tables. Table 11-8 presents the maximum
calculated utilization for the base case — the APl Code Check run. Only maximum utilizations
calculated for the 15 (fifteen) highest utilized joints are reported. Unlike for the member check
comparison, the results for the maximum utilized joints for the ISO and NORSOK runs are not
presented separately, due to good correlation and similar order of results for all of the runs. More
detailed results can be found in Appendix B.

Table 11-8 Maximum Joints Utilization Results — Base Case (API)

it API Corresponding Utilization | Ratio of Total Utilization
UI:API ! LC UI:ISO UI:NORSOK UI:API/UFISO UI:API/UFNorsok
1 33 2.48 13 2.76 3.02 0.90 0.82
2 321 1.88 10 2.06 2.25 0.91 0.84
3 373 1.37 2 1.52 1.58 0.90 0.87
4 335 1.00 15 1.03 1.07 0.97 0.93
5 341 0.91 13 0.98 1.02 0.93 0.89
6 324 0.88 10 0.96 0.97 0.92 0.91
7 339 0.83 11 0.84 0.87 0.98 0.95
8 35 0.68 5 0.78 0.8 0.88 0.86
9 320 0.68 2 0.75 0.78 0.90 0.87
10 16 0.63 13 0.79 0.82 0.80 0.77
11 298 0.61 15 0.81 0.84 0.75 0.73
12 319 0.58 2 0.69 0.72 0.84 0.80
13 366 0.56 3 0.75 0.78 0.74 0.71
14 188 0.56 1 0.68 0.72 0.82 0.77
15 117 0.56 15 0.65 0.67 0.86 0.83

1) 33% increase of the allowable stresses included
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Table 11-9 Joint Utilization Results — Chosen Joints

Utilization Factor

Joint
UFap UFiso UFnoRrsok

ID Location E[I:]\]' TOTAL | Axial | Bending | TOTAL | Axial | Bending | TOTAL | Axial Bending
22@
Mem1629 Top 111 0.29 0.07 0.22 0.29 0.07 0.22 0.30 0.07 0.23
195 @ .

Mem728 Middle | 72.3 0.46 0.44 0.02 0.51 0.49 0.02 0.54 0.52 0.02
298 @

Mema432 Bottom 2.7 0.61 0.55 0.07 0.81 0.75 0.06 0.84 0.77 0.07

Table 11-10 Ratio of Total Utilization — Chosen Joints

Member Ratio of Total Utilization
ID Location UFapi/UF1s0 | UFapi/UFnoRrsok
2@ | Top 1.02 0.98
o @ Middte 0.90 0.85
Ivzlgr?14@32 Bottom 0.75 0.73

These results indicate that for this particular platform, the API calculated joint utilizations are lower
than those predicted by the ISO and NORSOK codes by about 10% for the highest loaded joints (UF
greater than approximately 0.7). Also the joint utilizations for near top section of platform appear to

be better than that for middle and bottom section joints.
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11.2 Floater - SPAR

11.2.1 Introduction

The main purpose of this case study is to compare the strength utilizations of the structure of the
floater calculated in accordance with the different design codes. The Client had requested DNV to
use a SPAR model which is a floater type commonly used by operators in the Gulf of Mexico. A
functional FE model of an existing spar platform installed in the Gulf of Mexico waters was made
available for use in this study through BOEMRE with the full cooperation and assistance from both
the Operator and the Designer. The main focus of the work was directed towards the global strength
analysis (yield and buckling checks) of the hard tank structure. Other components of the structure
such as the truss, soft tank and topsides and aspects of the structural design related to local design
and fatigue strength were not included in the Scope of Work.

It should be noted that although the model was developed by the Designer in the FEED phase of the
project and may not represent the final configuration of the structure, it was deemed to be
satisfactory for the purpose of this code comparison study. It is realized that due to modeling
simplifications, the calculated utilizations for several elements of the structure exceeded allowable
limits. Such results were reported herein ‘as is’ without any special consideration or further
modification of the model (e.g., by local reinforcement of the critical connections). These aspects
were addressed as usual in the detail design stage.

The following standards were used as basis for this comparison:
e API 2FPS and API 2T

e SO 19904-1
¢ NORSOK N-004/N-001

The main difference between the API and the other two standards is the design format. API is
employing the WSD methodology, whereas 1ISO and NORSOK adopt the limit state design format.
Due to this basic difference, the analysis setup (load combination) and the post-processing needed to
be performed separately. The NORSOK N-004 (Design of steel structures) does not include special
design provisions for SPARs, as it does for other types of floaters. However, the generic action and
material factors recommended for steel structures in the N-001 are identical with those given in the
ISO requirements. Therefore the results for these two codes will be identical for the ULS
assessment. Furthermore, the ISO 19904-1 provides guidance for a WSD based analyses as an
alternative to the LRFD design format. In such a case ISO 19904-1 recommends the use of RCS
(Recognized Classification Society) allowable utilization factors. Considering the basic usage factor
for the extreme loading conditions recommended in the DNV OS C-201, the allowable stress limit is
identical to API WSD requirements.
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11.2.2 Analysis Methodology

The global performance and strength analysis of a SPAR platform is a complex task, with
requirements to analyze several loading conditions representing the most unfavorable realistic load
combinations. In the current analysis several simplifications were made in order to limit the Scope
of Work to a manageable level within available resources. Therefore, only one extreme loading
condition was analyzed.

The global response of the SPAR composed of two evenly important parts. These are caused by the
wave frequency and the low frequency loading conditions. In the original design analysis the
Designer computed the response of the platform in two separate steps:

e afrequency domain analysis in WADAM for the wave frequency part, and
e atime domain analysis in MULTISIM for the low frequency forces

In the current study, DNV had undertaken a simplified approach where the results for the low
frequency part reported by the Designer (i.e. pitch angle due to combined current and wind action)
were combined with the results of the independent wave frequency analysis performed by DNV. To
verify this approach the results of DNV analysis were compared with the results reported by the
Designer. The comparison yielded a very close correlation between the results of these two
analyses. Figure 11-3 presents side-by-side graphic comparison of the calculated global von Mises
stress for one combined (static + dynamic) result case.

Contours

sssss

o
-

Figure 11-3 Comparison of the Designer’s (left) and DNV’s (right) Global Stress Results,
(ksi, Nodal Von Mises Stress, 100 year Hurricane)
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a) Hydrodynamic Analysis
The hydrodynamic wave load analysis was carried out using the 3D potential theory program
SESAM WADAM, which calculates RAO’s for motions and loads in long crested regular waves.
WADAM is a general purpose hydrodynamic analysis program for calculation of wave loading and
wave induced responses of fixed and floating marine structures with zero or low forward speed.
WADAM computations take place in the frequency domain.

Two types of calculations were carried out using WADAM:

e Hydrostatic calculations, in which the hydrostatic and inertia properties of the structure are
calculated, together with the loading from weight and buoyancy. This loading is important for
equilibrium checking, and the static load must also be included in the subsequent structural
analysis.

e Load calculations, in which the detailed pressure distribution on an element level is calculated.
These pressures are transferred to the structural FEM model for subsequent quasi-static
structural analysis. Mapping of the hydrostatic and dynamic pressure on the structural model is
shown in Figure 11-4.

In this study only one environmental scenario, the extreme 100-yr hurricane condition (ULS-b for
the LRFD), and one mass distribution were analyzed. The draft for this condition (provided by the
Designer) was 153.9 m.

The panel and mass models provided by the Designer were re-used in the analysis. In the WADAM
analysis the SPAR was analyzed as a free floating body, without considering the coupling effect of
the mooring lines and risers on the spar motion response. It is assumed that this simplification leads
to more conservative results; however this effect is not expected to be significant.

It should be noted that DNV did not perform a global performance analysis as a part of this study.
Instead, the design wave selection and headings from the original Designer’s analysis were used.
Table 11-11 presents the design wave selection for analyzed cases. The analyzed wave headings
with reference to the platform coordinate system are shown in Figure 11-1.

Table 11-11 Design Waves for 100-year hurricane

Design Wave Case Wave Amplitude Wave Period
[m] [s]
Max Shear 10.2 12
Max Moment 11.1 14
Max Axial 4.3 20
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Figure 11-5 Analyzed Wave Headings
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b) Structural Analysis

Structural analysis limited in this comparison study to the hard tank structure was performed to
verify the global strength of the SPAR. In the analyzed configuration the SPAR model consists of
the hard and soft tanks and the truss section with two (2) heave plates. The 3-level topside structure
is supported on the hard tank by four (4) jacket legs. Structural integrity was checked with respect
to yield and buckling. Yield checks are performed based on membrane von Mises stress (element
average), checked against allowable stress limits specified in the compared standards. The standards
allow using the rules of RCS for the buckling calculations; therefore for simplicity the buckling
checks were performed in accordance with DNV RP-C201. In the current study no consideration
was given to the code checking of the beam members in the truss section since beam utilization
formulae were compared in the fixed structure case study.

The global structural model was generated using the pre-processor Patran PRE. The super-element
technique was utilized; five super-elements were assembled using PRESEL (see Figure 11-6).
Decks, bulkheads and web frames were modelled using 4-node shell elements. Flanges of web
frames were modelled using 2-node beam elements. Stiffeners were also modelled with 2-node
beam elements with eccentricity. Mesh size was based on the stiffener spacing (one element
between stiffeners).

A steel density of 7.85 t/m® with a Poison’s ratio of 0.3 and a Young’s modulus of 2.1x10°> MPa was
applied to the structural model. The yield strength of the structural steel is 345 MPa.

The rigid body motions of the model were restrained by means of fixing translations in the x, y and z
directions (pinned) for the nodes at the fairlead locations (9 nodes around perimeter of the hard tank,
at elevation 110m ABL). The sum of the reaction forces was checked and confirmed to be similar to
the mooring line forces reported by the Designer.

Following loads were applied to the structural model:

12 Gravity acceleration

13 Static pressure (on the outer shell and the moon pool bulkheads)

14 Riser loads (SCR and TTR)

15 Tilted gravitational acceleration (corresponding to 6.6° low frequency pitch angle)
16 Dynamic wave loads (pressures and inertia loads from WADAM analysis)

The local effect of the wind and current loads on the hard tank structure is considered negligible
compared to extreme wave loading, therefore these loads were not applied to the model directly.
The global effect of the current and wind loads on the behaviour of the platform (i.e. inclination)
was implemented in the analysis by applying tilted gravitational acceleration.

The action factors presented in Table 2-1 were applied to the ISO/Norsok (LRFD) runs. The
utilization of the structure was calculated based on the recommended for the ULS limit state
resistance (material) factor y,,=1.15.
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Table 11-12 Action Factors Applied to the ULS-b Limit State
Action Category
Permanent (G) Variable (Q) Environmental (E)
1.0 1.0 1.3

Table 11-13 below presents API and ISO recommended usage factors applicable to the extreme
loading condition.

Table 11-13 Usage Factors Applied to Extreme 100 yr Hurricane Loading Condition
API ISO

Usage Factor i-1.33 0.8*
1.67

*) Based on DNV 0S-C201
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Figure 11-6 Structural Model Overview
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11.2.3 Results
a) Yield Check

A yield check was performed based on membrane von Mises stresses (element average). Stresses
induced by each complex wave load case were combined with the static load cases. These
combined cases were scanned in order to find the maximum von Mises stress for each element along
all wave cases. The results are presented for three (3) panels for each of the four (4) regions of the
hard tank (defined by the distance between watertight decks): outer shell, radial bulkhead and center
well (moonpool) bulkhead.

Two sets of the results are reported — for the elements with maximum von Mises stress and for the
elements in the centre of each of the panels. The maximum stresses indicate the local stress
concentrations (caused by the modelling simplifications or lack of the local reinforcements added to
the structure in the detail engineering phase of the project) and may not represent the stress level in
the actual structure. Simultaneously, the stress level for the elements closer to the geometric centre
of the panel are governed by the global and local loads on the structure, and are not significantly
impacted by the local modelling approximations.

Table 11-14 and Table 11-15 present result of the comparison of the von Mises stresses. It can be
seen, that the utilization calculated based on the maximum observed stress is slightly higher for the
LRFD runs (about 10%). Comparison of the utilizations calculated based on the stresses in the
middle of the panel yielded close correlation between the results for WSD and LRFD utilizations.

It is worth mentioning, that the comparison is based on one loading condition only — extreme 100-yr

hurricane for the GOM (ULS-b for the LRFD method) and is only reflective of the magnitudes of
the static and dynamic loadings on this structure.

DNV Reg. No.: EP034373-2011-01
Revision No.: 1

Date :2012-01-12 Page 147



DET NORSKE VERITAS i &

BOEMRE TA&R No. 677
FINAL REPORT ON COMPARISON OF API, 1SO, AND NORSOK OFFSHORE STRUCTURAL STANDARDS

Table 11-14 Maximum Von Mises Stresses Reported for Analyzed Panels

WSD LRFD - ULS-b Ratio of .
- (AP1 &1S0) | (ISO & Norsok) | Utilization S (LA
o
> Panel UFWSD/ Elev. ..
& Stress | UFwsp | Stress | UF rep = (ABL) Description
[Mpa] | [] | [Mpa] [-] [m]
Radial Bhd 251 0.91 260 0.87 1.05 93.7 Intersection with OS
S < Moonpool Bhd 205 0.74 212 0.71 1.04 88.7 Moonpool CL
D 1
& -
a 0S 577 | 2.09 | 683 2.28 0.92 108.0 g:fk'ﬂ bulkhead @
Radial Bhd 380 1.38 442 1.47 0.94 108.7 Intersection with OS
S w Moonpool Bhd 127 0.46 147 0.49 0.94 110.9 | Moonpool corner
w 1
< -
= 0S 409 | 148 | 486 1.62 0.91 108.9 g:fk'ﬂ bulkhead @
Radial Bhd 161 0.58 201 0.67 0.87 128.5 Intersection with OS
§ © Moonpool Bhd 88 0.32 101 0.34 0.94 138.4 | Moonpool corner
- -
= 0S 170 | 062 | 209 0.70 0.89 1285 gjcdk'a; bulkhead @
« Radial Bhd 411 1.49 485 1.62 0.92 154.7 | Intersection with OS
g '; Moonpool Bhd 105 0.38 118 0.39 0.97 168.7 | Moonpool CL
0S 408 1.48 477 1.59 0.93 154.7 Radial bulkhead
Table 11-15 Von Mises Stress for the Centre of Analyzed Panels
WSD LRFD - ULS-b Ratio of Elev.
S panel (API & 1S0) (1SO & Norsok) | Utilization |  (ABL)
(@)
8:) Stress UFwsp Stress UF rrD llJJllz:WSD /
[Mpa] [-] [Mpa] [-] b
« Radial Bhd 155.1 0.56 164 0.55 1.02
8 3 | Moonpool Bhd | 114.4 | 0.41 119 0.40 1.03 101.0
0S 126.2 0.46 133.9 0.45 1.02
« Radial Bhd 107.1 0.39 126.9 0.42 0.93
g ﬁ Moonpool Bhd | 77.3 0.28 82.7 0.28 1.00 118.8
0S 140.1 0.51 155.7 0.52 0.98
« Radial Bhd 101.1 0.37 120.6 0.40 0.93
g ﬁ Moonpool Bhd | 74.5 0.27 85 0.28 0.96 138.5
0S 103.4 0.37 119 0.40 0.93
« Radial Bhd 102.7 0.37 110.8 0.37 1.00
g & | Moonpool Bhd | 71.4 | 0.26 90.1 0.30 0.87 161.2
0S 53.6 0.19 69 0.23 0.83
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Where:
UFWSD = Ty UFLRFD = Tvou
()2 [

b) Buckling Check

A buckling check was performed based on the membrane component stresses (element average).
The DNV RP C-201 /-/ was used to calculate the buckling utilization of the panels. The flat panel
formulations were used for all panels, including outer shell plate, which is acceptable considering
large D/t ratio for the curved panels (D/t > 1400). The comparison focuses on the stiffened panel
buckling, exclusive of the girder checks.

The results are presented in Table 11-16 and Table 11-17. It can be seen, that the buckling checks
for the plate for the WSD runs indicate higher utilization of the panels. The results for the stiffeners
are very similar for both runs.
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Table 11-16 Results of the Buckling Check — API WSD Run
DNV-RP-C201 Plate Stiffener Stresses Unity Check
5 £| g | & 2 s | 2] 2 |2
» S g | ¥ 3 X > o 2 g g
5 = 4 = o ) = =
|8} | = [7p] us = =
o m = ] 2 o =) D
=
c S L T S Ox (2% Txy Pryp NpLATE | MsTIFF
o
> Panel
& m m mm m MPa MPa MPa MPa - -
L | Redialbik | 805 | 198 | 21 prgox 075 | 55 | <122 | 65 | 0000 | 056 | 063
S
x| Moomool 19402 | 108 | 24 | HPHI| 079 | 40 | 415 | 30 | 0504 | 045 | 060
()
[a)
Outershell | 2821 | 1.98 | 23 prfox 076 | 55 | 98 | 70 | 0543 | 054 | 064
_ | Radialblk | 805 | 198 | 20 prgox 075 | -48 | -115 | 51 | 0000 | 048 | 056
<
x | Moonpool 1y, 05 | 108 | 21 | P3| 079 | 37 | w02 | 22 |0321| 037 | 048
S blk 12
[a)
Outershell | 28.21 | 1.98 | 21 prgox 076 | -60 | -142 | 28 | 0379 | 048 | 0.71
. | Radialblk | 805 | 1.98 | 15 HP12§OX 075 | 39 | -99 | 39 | 0000| 040 | 055
i
~ | Moonpool |, 0 | 198 | 16 | HP280X | 479 | 30 | -79 19 | 0119 | 028 | 048
S blk 10
[a)
Outer shell | 28.21 | 1.98 | 20 prgox 076 | -48 | -99 | 16 | 0185 | 033 | 050
| Radialblk | 805 | 213 | 15 HPfZSOX 075 | 14 | 75 | 55 | 0000| 043 | 046
&
S | Moonpool |y 0o | 513 | 15 | HP280X | g99 | a5 | 26 | 23 | 0000 | 017 | 016
S blk 10
[a)
Outershell | 282 | 213 | 20 HP12280x 076 | 15 | 75 | 67 | 0000 | 049 | 048
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Table 11-17 Results of the Buckling Check — ISO/NORSOK LRFD Run
DNV-RP-C201 Plate Stiffener Stresses Unity Check
3 < = ﬁ =2 - L .E .E
& 5 5 | g £ 5 2 g g
: 3 = 5 & X > 2 a N N
) (D) = (5] = =
2 5 - = (_% wn g = =
o = g & =) =)
=
c S L T S Ox Oy TXY Phvo NeLATE | TMSTIFF
o
GE; Panel
o m m mm m MPa MPa MPa MPa = =
L | Redialbik | 805 | 198 | 21 prg X 075 | 62 | -141 | 73 |o0000| 051 | 071
S
x| Moomool [ag0p | 108 | 24 | HPHI | 079 | 48 | 23 | 31 | o504 | 042 | 081
()
[a)
Outershell | 2821 | 1.98 | 23 prfox 076 | -59 | -120 | 68 | 0557 | o051 | 071
_ | Radialblk | 805 | 198 | 20 prg OX| 075 | 54 | -128 | 45 | 0000 | 039 | 056
<
x | Moonpool 4y 05 | 108 | 20 | P3| 079 | 44 | 06 | 24 | 0321 034 | 047
S blk 12
(&)
Outershell | 28.21 | 1.98 | 21 prgox 076 | 62 | -157 | 30 | 0398 | 043 | 0.72
| Redialblk | 805 | 198 | 15 HP122§30x 075 | -45 | -106 | 50 | 0000 | 037 | 058
i
~ | Moonpool |, 0 | 198 | 16 | HP20X | 579 | 35 | g6 26 | 0119 | 025 | 0.49
S blk 10
[a)
Outer shell | 28.21 | 1.98 | 20 prgox 076 | 63 | -24 | 17 | 0205 | 032 | 057
| Radialblk | 805 | 213 | 15 HP12§OX 075 | -16 | -59 | 64 | 0000 | 036 | 041
&
S | Moonpool |y 0o | 013 | 15 | HP280X | g99 | a5 | 24 | 40 | 0000 | 021 | 023
S blk 10
[a)
Outershell | 282 | 213 | 20 HP12§0x 076 | 8 | 74 | 50 |o0o000| 032 | 037

11.3 Summary

API joint check utilizations for the fixed platform case study are about 10% lower than ISO
results and 18% lower than NORSOK values.
significantly more conservative in comparison with ISO and API. This is a conclusion relevant to

the case study that may not be generalized without further evaluations.

Therefore the NORSOK joints would be

The Spar case study indicates that the yield check utilization calculated based on the maximum
observed hull stress is slightly higher for the ISO/NORSOK LRFD (about 10%) compared to the
API WSD results. The buckling checks for the plate for the WSD runs indicate higher utilizations
(about 10%) of the panels while the results for the stiffeners show that the LRFD gives higher
utilizations (also about 10%) than the WSD.
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12 CONCLUSIONS AND RECOMMENDATIONS

This study covers an extensive scope of work comparing API, ISO, and NORSOK structural
standards currently in use for design, construction, installation, and in-service inspection of fixed
and floating offshore structures with emphasis on application to the US Gulf of Mexico and West
Coast. The following salient conclusions are made from the work:

1. The design environmental loads such as wind, wave, and current depend on geographical
locations. In absence of site-specific data, regional information is defined in all three codes
that give minimum requirements of the extreme environmental conditions. ISO 19902 adopts
environmental criteria proposed by API for the Gulf of Mexico and by NORSOK for the
North Sea.

2. For snow and ice loading, NORSOK N-003 and ISO 19901-1 provide more specific
information compared to APl RP 2A. For earthquake; ISO 19902 and ISO 19901-2 give more
comprehensive design guidelines when compared with APl or NORSOK standards.

3. API RP 2T is more comprehensive than RP 2A in defining the loads and load combinations
due to the sensitivity of the Tendon Leg Platform with regards to its payload.

4. Both API RP 2A and 2T utilize WSD approach for the design of the structure. Notably, the
RP 2T 3rd Edition (latest) specifies the limit states design approach for the tendon design
which was not the case in the previous editions of the document.

5. The API RP 2FPS 1st Edition issued in 2001 for GOM floating production systems refers to
API RP’s 2A and 2T for the definition of the environmental criteria and guidance on load
conditions.

6. Wave kinematics factor is similar in the three standards varying, e.g.; from 0.85 to 0.95 for
tropical storms. Marine growth is dependent on the regional conditions with about double the
marine growth required in the North Sea compared to the GOM. The same drag and inertia
coefficients are specified across the three codes. The wind spatial coherence is the same in
API and ISO but is more severe in NORSOK.

7. With regards to deck clearance requirements, it is noted that all three codes require 1.5m (5 ft)
air gap above the 100-year wave crest elevation. The ISO 19902 gives more details on how to
calculate the deck elevation and has an additional criterion of 30% of wave crest elevation as
governing clearance if greater than the 1.5m. The NORSOK N-003 and N-004 require a
positive air gap for the 10,000 year wave crest in addition to the 1.5m above the 100 year
wave crest requirement.

8. The load/action factors are similar in 2A LRFD and ISO 19902. The APl RP 2A WSD, API
RP 2A LRFD, ISO 19902 and NORSOK N-004 provisions for checking the adequacy of
tubular members are similar in that all four codes give formulations for each load effect type
acting alone and for load effects acting in combination.

9. API allows simplified fatigue calculations only for Category L-3 template type platforms that
are constructed of notch-tough ductile steels, have redundant inspectable structure, and have
natural period of less than 3s or for preliminary design of all structure categories in water
depth up to 400 ft (122m). NORSOK refers to DNV-RP-C203, Section 5 for details of the
methodology and the allowable stress range as function of the Weibull shape parameter and
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10.

11.

12.

13.

14.

15.

applicable fatigue curve (depending on the joint detail and stress field configuration) for 20
years’ service life (10® cycles).

Detail fatigue assumptions, loading definitions, hot spot stress range calculation, stress
concentration factor formulas, S-N curves for tubular joints, and required DFF values are
specified in all three codes. In addition, details of the spectral analysis, utilization of fracture
mechanics, and fatigue life improvement techniques are also compared. The requirements are
quite similar.

With regards to the safety related to pile design, code requirements and recommendations are
similar in the three standards, and the choice of standard will not therefore be decisive. No
calibration of safety factors towards probability of failure is documented as background for
the safety factors given in the standards. A small structure with few legs/piles has less
redundancy than a structure with many legs and piles and correspondingly a higher
probability of failure. The designer’s choice of relevant pile capacity calculation method and
of related soil shear strength parameters is more important for the overall safety related to pile
foundation. Effects not normally accounted for in pile design may have large influence on
safety, such as ageing effects and effects of cyclic loading.

The API RP 2A (WSD) is the main document where specific guidance with regards to the in-
service inspection scope and frequency for fixed platforms is available. In-service inspection
requirements for floating production units (2FPS) and tension leg platforms (2T) are also
given but at a higher level than 2A. The 1SO approach to in-service inspection requirements
adopts the Structural Integrity Management (SIM) methodology and also applies RBI
procedures. NORSOK presents only high level requirements regarding in-service inspection
program.

The assessment criteria in APlI RP 2A Section 17 allows the use of reduced environmental
criteria. 1SO 19902 does not have reduced criteria but allows local damage provided reserve
strength is verified. NORSOK does not allow any degradation and requires existing structures
to be able to resist ULS and ALS conditions at same safety levels as for new structures.

For design against fire and blast, APl RP 2A charts the assessment process in the form of six
main tasks and three risk levels utilizing the ALARP principle and assessing the
consequences in a structured manner. In ISO 19902 hazards are grouped into three main
groups according to a probability of occurrence or return period of being exceeded. NORSOK
N-001, N-004 and N-006 state that the structure shall be ALS checked for the design
accidental actions defined in the risk analysis recommended in the standards. With regards to
ship collision ALS design, NORSOK gives the most comprehensive guidance of the three
codes.

The details of the requirements for temporary conditions in APl RP 2A are given in Sections
2.4 and 12. Clauses 8 and 22 of ISO 19902 provide the LSD methods for temporary condition
design. NORSOK N-004 Clause K.4.4.6 states that transportation and installation design and
operation shall comply with the requirements given in NORSOK J-003. It is noted that
NORSOK J-003 (1997) requirements have been completely incorporated in the more recent
ISO 19901-6 “Marine Operations” issued in 2009. Therefore, the comparison made here is
actually also a comparison between API and 1SO, and demonstrates that the three codes are
similar with different level of guidance and some minor quantitative differences.
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16. Seismicity is not normally a design issue in the North Sea. Therefore, Seismic analysis
comparisons are herein focused mainly on ISO and API requirements. The structure is
designed for two levels of earthquakes in APl and ISO: a) strength Level Earthquake (SLE) or
Extreme Level Earthquake (ELE) corresponding to 100 — 200 year return period with stress
not exceeding yield, and b) Ductility Level Earthquake (DLE) or Abnormal Level Earthquake
(ALE) with 1000-5000 year return with stress allowed to exceed yield leading to damage but
without collapse.

17. The fixed offshore platform design case study showed that design environmental criteria in
the three codes are based on similar reliability analyses and definition of probability of
failure. However no details are given in the standards regarding the underlying assumptions
employed in these analyses. Some differences exist in defining the load combinations.
Applying the load recipes in the three standards to a case study structure in the GOM
indicated that similar base shear and over turning moment values are predicted for the same
100-yr extreme environmental condition.

18. Member utilization comparison indicates that both ISO and NORSOK give very conservative
formulation for members with cone transitions compared to APIl. Notwithstanding cone
checks, member results for the API code check were more conservative with up to 39%
higher utilization than the ISO and 53% higher than NORSOK results. One reason may be
that APl recommends the use of a 0.8 buckling factor brace members compared to 0.7
recommended in ISO and NORSOK. The ISO and NORSOK member utilizations are
significantly higher than API values (more than double) due to cone transition formulations
adopted by these two codes.

19. API joint check utilizations for the fixed platform case study are about 10% lower than 1SO
results and 18% lower than NORSOK values. Therefore the NORSOK joints would be
significantly more conservative in comparison with ISO and API.

20. The Spar case study indicates that the yield check utilization calculated based on the
maximum observed hull stress is slightly higher for the ISO/NORSOK LRFD (about 10%)
compared to the APl WSD results. The buckling checks for the plate for the WSD runs
indicate higher utilizations (about 10%) of the panels while the results for the stiffeners show
that the LRFD gives higher utilizations (also about 10%) than the WSD.

The following recommendations are also made:

1. A more comprehensive comparison of the principles and methodology employed in arriving
at the action/load factors or safety factors in LRFD and WSD methodologies are
recommended.

2. More case studies with more in depth specific calculations would add considerable value to
the comparisons. Further analysis of the results from the case studies performed herein could
yield better understanding of specific code differences.

3. Case studies for a TLP and an FPSO are commended.
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4. A venue where the results from this work are presented and experts are invited to participate
would be most valuable. API and ISO committees could be viable options for such a
discussion. Discussion of results with operators, designers, regulators and other stakeholders
is encouraged.

5. Each section of this report could be expanded into an own study. It is recommended to have
similar studies carried out on each specialized topic involving industry experts.

6. More case studies for fixed and floating structures should be carried out. Also the case
studies performed herein could benefit from additional parametric and sensitivity analyses.

7. Both ISO 19902 and NORSOK N-003 require very strict air gap compared to existing API
requirements. This may be because the platforms in the North Sea are not evacuated during
storms. However the question of the air gap still deserves further assessment for GOM
structures even with the increased criteria given in the upcoming APl RP 2MET 1% Edition
and API RP 2A 22" Edition.

8. The degree of conservatism or lack of same between API and ISO/NORSOK member cone
unity check formulations (with API predicting much lower member utilizations by a factor of
more than 2.0) deserves further evaluation.

9. The question of reduced assessment criteria for existing platforms compared to criteria for
new designs should be further examined considering risk and reliability principles. New API
RP 2SIM and ongoing RBI JIP work are efforts in this direction.

10. The comparison performed herein considered only the current (at time of contract award in
late 2010) editions of the standards. It is recommended to update the study by incorporating
the contemplated significant updates in API, ISO and NORSOK standards.
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APPENDIX A: MATHCAD UNITY CHECK SHEETS
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A.1 MATHCAD - API RP 2A
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API RP 2A
Axial Tension, Bending and Hoop Buckling
Member No. 533, LCT52_8, Pos 1.0

INPUT the following data:
Diameter, D (mm)

Wall thickness, t (mm)

Yield Strength, o, {N/mmZ)

Young's Modulus, E (N/mmZ2)
Allowable tension stress (N/mm?2)
Allowable bending Stress F, (W'mm?)

Tension stress due to actual loads, f, (N/mm?)

Axial compression stress due to actual loads f, (M/mm?)

Bending stress due to actual loads about y axis, fby{NImmz}

Bending stress due to actual loads about z axis, f,_ (N/mm?)

Hoop stress due to actual loads, f, (W/mm?)
Unbraced length of member for local v axis, LY (mm)
Unbraced length of member for local z axis, L, (mm)

INPUT DATA
D:= 10868 D= 1067 % 107
— v — i
t=178 t=17.8 E=jg.933
t
Fjr = 345 F}_ = 345
&
E := 210000 E=21x 10
£:=10 £=0
£,=120
ft“r = 393734373 im__ = 3937
fi,z == 11016950 £, = 11.017
fj, = 29.462564 fi, = 29.463
- 4
1= 16178 1=161%8 = 10
k=108
- ~ — 4
vo= 2792217 v=2792= 10
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e ﬁ_[r:ﬁ— (D - 2-r)4]
64

area = E-I:D2 -(D- 2-t}2:|

3.2.1 - Axial tension, , f, <= F,

Fy = 0.60-F,
i

UR ==
32117

3.2.2 Axial Compression

3.2.2.a Column Buckling

The allowable axial compressive stress, F_ should be determined from the following AISC formula

I=18.071= lﬂlgI

area = 3 866 = 104

r=370.931

F, = 207

UR3211=0

for members with D/t ratio equal to or less than 60:

1
)

%

1 E
C. = l-ﬁ_-—’
C
' Fy )
- 2
Lr )
1- —«.JF‘r
2.c.”
C
F, = — -
ey ey
3= |
3 L L y,
3 sc. 3
< 8-C.
2
12-m-E k1
. 3 L C':
& k_l\l_
23. —|
LR
F, = 183.794

DNV Reg. No.: EP034373-2011-01
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3.2.2.b Local Buckling
1. Elastic Load Buckling Stress

Cogy = 03

t
F,.=2C_ E—
xXe cit D

3
Fye = 2.102 % 10

2. Inelastic Local Buckling Stress

(322-3)

1
__4 equal or less than F
.I'D\,
F. = |F 1164 -023] —
™ (Ty] \ t,-| | (322-4)
('D\,
F, if | —|260
: Wb
F,. =343
3.2.3 Bending
F, = [G'-""F ] if E < 10340 (3.23 - 1a)
h. A3y =
- t F‘__
4 =
[| 084 - 1.?45;{.3 |E‘{| g 10340 D 20680 (323-1b)
L SEt) E, t Fy
" &
|o72- G.SS-FV-E |E,| if 20680 _ D _ 44 (323 -1c)
b : :E’-t/' - F‘," t
Fy, = 230.694

Combined bending stress is given by, f, = (f,* + . %"

, 0.3

b= By * fop )

f
b
UE =—
3237 ¢
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3.2.4 Shear

3.2.4.a Beam Shear

The maximum beam shear sfress, f, . for cylindncal member is:

= =

© 0.5-area f. = 0952 (324-1)

The allowable beam shear stress:

F,= 04F, F_- 138 (324-12)
URy 4, .= — -3
32427 g UR3 5 4, = 5899 % 10
3.2.4.b Torsional Shear
Input the following data:
M, = 328276 M, = 3283 x 10* Tarsional Moment

o d 4
L= E|:| Ei - {Mi” I, = 1.614 x 10*" polar moment of inertia
2 [\ 2) 2

\ £

The maximum torsional shear stress, F, for cylindrical members caused by torsion is:

_r"D‘-|
|5 324-3)
_ L2 (

L= My L
The allowable torsional shear stress:

) (3.24 - 4)
F..=04F,
vt ¥ F, =138
£

UR3240 = For URg 5 4p = 7.861x 107 °
3.2.5 Hydrostatic Pressure (Stiffened and Unstiffened Cylinders)
J.2.5.a Design Hydrostatic Head
Input the following data:
po= 1023 density of the sea water which may be taken as 1025 kg/m?

£:=9810 the acceleration due to gravity (m/s? )
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the still waterdepth to the sea floor (m)

d:= 110000
H =26 wave height (m)
TP =139 wave period (s)
z = —0538 the depth of the member relative to still water level (measured positive
upwards) (m)
2
E'TP
Livave = ? L wave = 301.661

c-::-sh|:3- T (d+ zj:|
Hy Lwave (3.2.5-3)

) i ™
- cush| 2 T d
\ Lvave J

H, = 98.105

Hydrostatic Pressure (N/mm?2):

l:" g'Hz
- - 0986
F0= " oooo00 Fo
D )
fhp = PD'; f]lp = 20 3561

3.2.5.b Hoop Buckling Stress
1. Elastic Hoop Buckling Stress

Length of cylinder between stiffening rings, diaphragms, or end connections:
- 4
L tjgr = 16178 Loyjgp = 1.618 x 10 (Input)

The geomtric parameter, M, is defined as:

M = 166.031

The cntical hoop buckling coefficient C, includes the effect of initial geometric mperfections within
APl Spec 2B tolerance limits.
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Cp= G.M-L if M= l.ﬁ-E
D

Wt D D
G.M-L =032l —— 085 —=M<16—
M4 t t

D
[0.736-(M — 0.636)] if 3.5 <M <0825-=
T

[0.755-(M — 0.559)] if 1.55M <35
08 f M<13

Cp=T7342% 10"

Elastic hoop buckling stress:

t
Fre = 2CpE Fpyo = 51.449

2. Critical Hoop Buckling Stress
The material yield strength relative to the elastic hoop buckling stress determines whether elastic or
inglastic hoop buckling occurs and the critical hoop buckling stress, F, | is defined by the
approriate formula.

Elastic buckling (3.2 5-6)

Fyo= ||Fpe if Fpo =035F, Elastic Buckling
(0.45°F + 0.18Fy,) if 0.55F <Fp < 16F, Inelastic Buckling
131F,
Te i L6Fy <Fp, <62F,
115+ —
l‘-.FhE/'
F, if Fy >62F,
Fyo = 51449
th = mm{_P]lL"FhE} th = 31.449
£
h
URy, 5= —0 UR; 5 5= 0.575
Fpp

3.3 Combined Stresses for Cylindrical Members
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Sections 3.3.1 and 3.3.2 apply to overall member behavior while Sections 3.3.3 and 3.3.4 apply
to local buckling.

3.3.1 Combined Axial Compression and Bending
3.3.1.a Cylindrical Members

f,=129 Compression Stress due fo axial loads
Copxe = 083 based on Section 3.3.1.d
Cop =083 based on Section 3.3.1.d
k=038
=1 Actual unbraced length in the plane of bending
Iy =1 Actual unbraced length in the plane of bending
=1 Corresponding radius of gyration
Corresponding radius of gyration
I’Z =1
2
I
ey j 2 Euler stress divided by a factor of Safety
[
| by
23 k=
Loty
¥
F 12-m-E Euler stress divided by a factor of Safety
ez =
foL
t. b
23 k—
Lz
Foy = 888.237 F,, = 888.237
(2 a7
by T
WRssia= || o T <015 (331-3)
kFa Yy By / Fa
[ “2 2
| C Ty . Cmyfoz
f':'{ f':'{
| 1- — - — (331-4)
Sl Fe) U Fe)
Fa Fy
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L—R3_3 ].ﬂ = G.E'DE

3.3.2 Combined Axial Tension and Bending

[o 2 2
o byt
0.6F. F

3.3.3 Axial Tension and Hydrostatic Pressure

SF,, = 1.67 safety factor for axial tension (see 3.3.5)
SFy, = 2 safety factor for axial tension (see 3.3.5)
f, = 11.699 abosulte value of acting resultant bending stress
fj, = 29.463 abosulte value of acting resultant Compression sfress
v=03 Poissons ratio
AA < f+ £ — 034 SF "A” should reflect the maximum tensile stress combination
- _—_ x
Fy
AA=0.126
th
BB = —-5F BE=1.145
F,
he
URiz31= |0 (333-1)
- ) .
laa®+BB = 20 |AAl BB) if £>0
UR3331=10

3.3.4 Axial Compression and Hydrostatic Pressure

£ oo=1f +f + 056 should reflect the maximum compressive stress combination

f, = 55.431 £=29 £ =11699 £, = 29.463
FE
xe 3
F =— F,, = 1239 % 10
SF
x
F,
he 7
h.ﬂ = - Fh'ﬂ= 25.-2—1-
SFh
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F,
SFy, = — SF,, = 1495
b E b
b
£+ 05 £
URysg1=—F —SFy+ o 5F URj 3,44 = 0262
xC Y
 SFp )
L—R-3.3.4.2 = F L—R3_3_4_2 = 1_14_,
he

f,-053F, |f

TR == —
3343
Foa— 05F,,

URj3 343 = 1.346 when f >0.5F__

If fu}fa + I}.Eufh_ both UR3_3_3_1 and LIRH_H_1 must be less than 1.
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4.3 Simple Joints

4.3.1 Validity Range
02=p=<10
102~ =350

30° <0 <90°
F_ < 72ksi
.

g
b .
S = —0.6(for K Joints)

INPUT: Basic Geometric Parameters for Simple Tubular Joints

= 345
F}.. 345
Fyp = 345
6= 49.6° Brace included angle
gy, = 1058 Gap between braces
t=222 Brace wall thickness at intersection
T.= 533 Chord wall thickness at intersection
d = 853 Brace outside diameter
D= 2560 Chord outside diameter
s 2 W2 5 -
A.=—D - (D-2T.) | =419 x 10 Chord cross sectional area
4 \ J
d
P = D f=0333
D
N=— ~ = 24.015
2T,
t
T=— T= 0417
TC
t-F
b
b= — b = 0417
TC-F},
— = 0413
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4.3.3. Strength Factor Q

K joint only with positive gap

p W3
' | . Bp
Q= |1+ 0.2-| 1-28—| if —=>005 =0999 Gap factor
g \ D, D

"gap too small" otherwise

Qg = max{l ,le:)

Q-1

Q, varies with the joint and load type, as given in Table 4.3-1.

* Q, for Axial Loads
5 ~ = 24015
Qu_al =({16+ 12~)-p" 'Qg

— 12 )
Qu_a = i u_al"m' P 'ng B=0333
Q, 5= 10.698

= Q, forIn-Plane Bending
1.2
Qu_ipb =(5+07~)P

Qu_jpp = 5-833

« Q, for Qut-Of-Plane Bending

4.3.4 Chord Load Factor Q;
Q; is a factor to account for the presence of nominal loads in the chord.

17 3 3 Flastic section modulus
Z =—1D -(D-2T,)
P _ c
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11

Mp = F},-zp =1156x 10 Plastic moment capacity of the chord
PY = F A= 1448 x 108 Yield axial capacity of the chord

FS =16 Safety factor

P, = —1462340 Chord axial force

Mc_ipb = 2472810000

M opb = ~75653000

2 2 9
M, = JMC_ipb =M gy = 2474 % 10

2 319
(FSP.\" (Fs-M_) (43-3)
AA = +
By )L M)
AA = 0038

INPUT the following coefficients:

Coefficients depending on joint and load type as givenin Table 4.3-2.

€y ,=02
Cy =02
Cy ,=03
(Fs.p." (FS. ‘MC ipb| ‘ 5
Qf,=|1+ c.]_a._l | ™ Coa| =57 | Caaha (43-2)
oY \ p
Qp , = 0989
Cy =02
CQ b =10
Cy =04
[ (FS-P_) (FS-M¢ iop 5
Qiph = 1= Crp| 5 ~Con| 7 | T GAs
L Lty ) LT
Qf jpb = 0-996
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(FS-P." (FS-M \
_ . c c_opb e
Qf opb = {1 +Cy b ) b" — |- Cj_b'm}

v

Qs gpb = 0-996

4.3.2 Basic Capacity

Tubular joints without overap of principal braces and having no gussets, diaphragms, grout or
sfiffeners should be designed using the following guidelines.

F..-T 2
P, = Qu_a'Qf_a'm allowable capacity for brace axial load

6

P, =8515x 10

a

2
F, T, d

Ma_ipb = Qu_ipb' Qf_ipb'm allowable capacity for brace BM

9
M, jph = 3957 x 10

F}.-Tcz-d _
Ma_opb = Qu_opb'Qf_opb'm allowable capacity for brace BM

9
M, gpb = 2074 x 10

4.3.6 Strength Check
P = 4720646
Mipp, = 194146000
anb = —56799000

M,

IR - P ( Mipb oph
P, \ Ma_ipb ) Ma_opb
IR = 0.584 ‘a2 y
ipb - b
—| =0.554 M _9371x107° o | - 0027
Pa \ Ma_ipb ; Ma_opb
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A.2 MATHCAD - I1SO 19902
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15019902

Axial Tension, Bending and Hoop Buckling

INPUT the following data:
Diameter, D (mm)

Wall thickness, t (mm)

Yield strength, o, (N/mm? )
Young's Modulus, E (Nfmm2 )

Member No. 533, LC752 8, Pos. 1.0

Axial tension stress due to factored loads, o, (Nfmm? )

Axial compression stress due to factored loads, o_ (N/'mm? )

Bending stress due to factored loads about y axis, fbyiNJr mm?2)

Bending stress due fo factored loads about z axis, f,,, (N/mm?

Hoop stress due to factored loads, f, (N/'mm?)

Unbraced length of member for local y axis, L, (mm})

Unbraced length of member for local z axis, L, (mm)

Radius of gyration, r (mm)

D= 1066.8
t=178

f}. = 345

E = 210000
o, = 224
o, = 0

Ty = 51
Opz =118
L}. = 16178

DNV Reg. No.: EP034373-2011-01
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] 2
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5 N
E=21x 10 -
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N
g, = 224 1.
mm~
N
;= 0 —
mm~
N
Ty = 5.1 mmz
N
Tpz=11.8 mmz

I_},= 1.618 = IIEI'.1 1
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= 7
L= 16178 L,=1618x 104 mim

Combined bending stress is given by, o, = |[c:rby2 tao, )P
0.3
LR

(a2 2) N
= %y * Toz o, = 12.855 3
b mi
13.2.2 Axial tension, o, ._f,,vg (13.2-1)
“ps = 1.03
g1,
Yt
WR3227= URq322=0
t
Rt
13.2.3.3 Local buckling
C, =03 elastic critical buckling coefficient - account for the effect of initial geometric
imperfections within the tolerance limits given in Clause 21.
foo=2-Cy E-% £_=2102%10° (13.2 - 10)
£, (132-8)
£ = |f if 2 =017
yc 3 o
. £, £ (132-9)
1.047 — 0274 — i:v if — =017
\ E.{e_, ; e
f =345
13.2.3.2 Column buckling
INPUT following parameter:
k=17 effective length factor, in y or z direction, see 13.5

L,=1618x« 1D4
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4
L, = 1618 % 10
4 i 9
I.= 1-[:: -(D- l-tj:l I=28071x 10
64
Area = — I:Dj D-2 2] 4
Area=—|D” - (D - 2+t
SRR ( ) Area = 3.866 x 10
[ 1
r= | r= 370.931
 Area
Column slenderness parameter:
kL, [f
M= —2 |E X\ = 0.394 1327
mr o E
( 2) 132-5
£ = |:|:_.1.-:}— 0278\ ,f-g,c] i< 134
s R
0.9
—fe| A= 134 13.2-6
VAT
f, = 330.119

13.2.3.1 General, o_<=1f_lyg. (13.2-3)

o, =224
YRe = 1.18
UC
URi324= URy32.4 =008
C
“IRe

13.2.4 Bending, o, = M/Z_ <= f, Iyg, (13.2-11)

1[ 3 7
E-[D’ - (D- 2-t}3:| Z,=1959x 10

[~
Il

|
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p Vo eD )
f, = if‘,] if —— <0.0517 (13.2-13)
Ze 7] E-t
I D) Z D
1.13 - z.is-fj’— |-—p-g, if 0.0517 = 5 <0.1034 (132 - 14)
\ Et /) Z, - Et
[ DY Z £.D )
094 - 076 3 L iror<i-<mog, (13.2-15)
b, E'T r ZE - E J
f, = 391.24
Ry = 103 partial resistance factor for bending stress
oy, = 12.833
T
UR = —
BTy URy3591=0034
“IRb

13.2.5.1 Beam shear 1,=2V/A <=1 Iy,

g, = 1.05
Vi poqe = 38529
£,
= 7
AT
URy3 17—
B
B

13.2.5.2 Torsional shear

L= 3—“2-[1::4 _(D- z-t}ﬂ

M, = 41438000

DNV Reg. No.: EP034373-2011-01

Revision No.: 1
Date : 2012-01-12

£.=199.186

-

— 3

10

IP = 1614 % 10 polar moment of inertia

Torsional moment due to factored actions
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M, D
-I.
L—R 5 = IP -
13.2.19 : i _3
v UR13119= 7218 = 10
TRy

13.2.6 Hydrostatic pressure

Yoy =13 partial action factor for permanent actions 1, see Table 9.10-1
P = 1023 density of the sea water which may be taken as 1025 kg/m?®
g, = 9.810 the acceleration due to gravity (m/s?)

d = 110.000 the still water depth to the sea floor (m)
H =26 wave height (m)
TP =130 wave period (g)
z = —-0538 the depth of the member relative to still water level (measured positive
upwards) (m)
.

g Ty

Lyave = 5 L yave = 301.661

Effective hydrostatic head (m):

2.
cosh —— (d+ z)
Hy Lvave

Hyi=—z+— S H, = 95.105
coshl T 4
\_Lﬁi.'af.'e J
The factored hydrostatic pressure (p, N'mm?) shall be calculated:
_ VG1 B P Ez
B 1000000
N
p=1282 2 (132 -20)
mim

13.2.6.2 Hoop buckling

Tubular members subjected to external pressure shall be designed to satisfy the following
condition:
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o, =pDI2t <=1 fyo, (13.2-22)

Hoop stress due to the forces from factored hydrostatic pressure:

- 2D 38.420 al
Uh = T4 U].'I. = . 3
i i

Geometric Parameter:

L, = 16178 the length of tubular between stiffening rings, diaphragms, or end

connections

yo ot [2D

Dt

Elastic critical hoop buckling coefficient C, :

i

oas bt D (132-27)
C,= || 044=] if pz16=
b \, D‘_'1 W t
(DY} . D D 132 - 28
{u.44-l +021f = | -p‘} if 0.825-— < < 16— ( )
D Lt t t
0.737 D (132 - 29)
— T if 15<p<0825—
- 0.579 t
0.80 if p<13 (132 - 30)
—_ C E
he =20 fio= 51449 (132 - 26)

f,, the representative hoop buckling strength

For tubular members satisfying the out-of-roundness tolerance given in Annex G, f, shall be
determined from:

T2
fh. = %.. if fhE = 2.4—4'%.- |:13-— _3:I

PN
{n.?-[ ;E] -fv} if 0558, < f, < 244€, (13.2 - 24)

. 13.2 - 25
fpe if oo < 0.555; ( )
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£, = 51.449

The utilization of a member under external pressure shall be calculated:

“h

Lm.13_2_31 = —f I:].Sl - 31:|
h

“Rh
URy343, =054

13.3 Tubular members subjected to combined forces without hydrostatic pressure

13.3.2 Axial Tension and Bending

Tubular members subjected to combined axial tension and bending forces shall be designed fo
satisfy the following condition at all cross-sections along their length:

[ 7 7
YR TREY Tyt Tz
E i (133 - 2)

URy337 =

UR 33, =0034

13.3.3 Axial Compression and Bending

Tubular members subjected to combinad axial compression and bending forces shall be designed to
satisfy the following condifions at all cross-sections along their length:

Euler buckling strengths corresponding to the member y- and z-axes, respectively, in
stress units:

‘o7 Cgny = 085
‘- C,., = 083
.
o E 3
= ——— £y = 2224 x 10 (133 - 5)
=
b ¥ r
7
n’ E 3 (133 - 6)
fpm ——— £, =2224x10
; L W e
Zz
k.=
)
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.U-R'13.3.? = 0 if P =0
i 0.5
“Re  TRob || Cmy by | ( Cmz oy | .
+ - + ifp=0 -7
(133 = 7)
£ & “e T
1- % 1- %
, £y A A, fez 4 J
UR13_3 =10
U-R'13_33 = 0 if p = 0
i I| 2 2"]
"TRJ:'D": .‘TRb-\'I Ubv + D'bz 1 {133 - E}
s - [ ifp=0
£ % )
U333 = max{URy337.URy3 3 g) Upzza=0

13.4 Tubular members subjected to combined forces with hydrostatic pressure

13.4.1 General

=050y (134 — 4) compressive axial stress due to the capped-end hydrostatc

a
E actions using the value of the pressure from Equ (13.2-20)

INPUT the following parameters:

T=10 the axial tensile stress due to forces from factored actions
T =224 the axial comprassive stress due to forces from factored actions
Tne = |(Tg = Tr) f O <y (134 -35)

':F::c - Uq} if O > Ty (134 - &)

13.4.2 Axial Tension, Bending and Hydrostatic Pressure
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i (134 - 11)
MNi=5-4— T = 4.403
TR “h
B = . (134-10) 5 _ oy

The representive bending strength in the presence of external hydrostatic
pressure:

_ | 2 _1n ' (134 - 9)
fop = £, Wy 1 + 0.09B" - B~ - 03B

oy, = 175.796

The representive axial tensile strength in the presence of external hydrostatic
pressure:

e 22 i oo (13.4 - 8)
= £V 1+ 0.09B" - B 0.3-B| £, = 155.019
[ 2 2
TRt %t TRbY Ty T %
URi3412= =+ o & (134 - 12)
fin fon
URy3412= 0077
13.4.3 Axial compression, bending and hydrostatic pressure
= 03594
%y = 19215
O, = O+ O o, = 35.253 Maximum combined compressive stress
3
foo=2.102x 10 fe= 51440

If the maximum combined compressive stress, o, and the representative elastic local buckling

strength, f__, exceed the imits given below (0.5, -, > T34 4720 -

0.5-6,
1341717 134171 = 2038
TRh
- &e " 5
O13.4172 7 max Oy, O134172=1782x 10
\, "TR(_'/.

then Equaton (13.4-8) shall also be satisfied (less than or equal to 1)
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0.5,

D’K—

TRn | ..’TRh'Uh.E]]

UR - + (13.4 - 18)
13.4.18 _
fe 09 \ fre A
TRe “Rh
URq341g=0388
7 -
ﬂff[ U 2 LAY Jow, )
£ (10— 02787 - 3 |[1n— S PR R ii‘h*'_fl.id--“l——q
2 ey 6o U %
PR
2.0,
(0.9
—f‘__CI £ 1ae |1 q]
.
S oo Be )
£, = 311775
[ 2
TRe%:  Rb by T bz (13.4 - 19)
LRi3q19= + p
fe bh
L L 0.5
R _ TRe%c . TRb ‘V Coy %y | | “mz by \_—‘
A fn fop ‘ T ‘ e (13.4 - 20)
— — 1 — —
) U
£
he
a, — 05— - !
YRR [ YRR h | (13.4 - 21)
PR13.41 oSt | £ l
e ~"he | ‘he |/
Re  Rh

UR _ 0.153
13.4.19 URj3490=0122  URy3 4,y =088

Uy, = max{URy3 4 10.URy3 4 90.URy3 421 Up, = 088
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14. Strength of tubular joints

14.3.1 General
Validity Range
02=p<10
10 =~ =50
30° < <90°
T=1.0

N

F._ <500
y

bt

mm
g Te > —1.24 For K-joints

INPUT: Basic Geometric Parameters for Simple Tubular Joints

F}, = 345 Yield strength, chord
F},b = 345 Yield strength, brace
Brace included angle
6= 49.6°
Gap between braces
g, = 1058 P
Brace wall thickness at intersection
t=222
Chord wall thickness at intersection
Tc =533
Brace outside diameter
d = 833
Chord outside diameter
D= 2560
i LA .2 5 -
A= 1 D"-(D- ZTC] =4.197 » 10 Chord cross sectional area
d
p= D B =0333
D
= = = 24.015
2-T,
1
T=— T=0417
T!’.‘
{b _ 1 F}'b
TC-F},
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14.3.3. Strength Factor Q,

K joint only with positive gap

05

(g,
LT

&

.= 0.5
QEI = |19-0"Ty

c) c

"gap too small" otherwise

Qg = max{l,le:)

Qg = 1.264

0.3 .
= f )
N B(1—083330) p>06

1.0 otherwise

Qp=1

Q,, varies with the joint and load type, as given in Table 14.3-1.

+ @, for Axial Loads

Q= 19+ 19/)Q3" 7 Q,

Q, 5 =104

+ Q, for In-Plane Bending

. 0.5
Qu_ipb = 5P~

Q_ipb = 7348

« Q, for Qut-Of-Plane Bending

. losp?
Qu_opb =327

Qu_opb = 3-818

DNV Reg. No.: EP034373-2011-01
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Gap factor

(14.3.5)
(14.3-6)
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14.3.4 Chord Load Factor Q;

b8

DR

Q is a factor to account for the presence of nominal loads in the chord.

1 . _
= E'[DS -(D- ZTC|3:|

Zp

=F _-Z_ =1156x 1011

M vZp

P

8

B = F},-Ac = 1448 « 10

¥y

P. = -13396500

MM —1800220000

c_ipb =
My _oph = 125749000

A, = 0.03

Niph == 0045
Aoph = 0-021

-'I'Rq = 1.05

INPUT the following coefficients:

Flastic section modulus

Plastic moment capacity of the chord

Yield axial capacity of the chord

Chord axial force

Chord bending moment, in-plane bending

Chord bending moment, out-of-plane bending

Partial resisitance factor for yield strength

Coefficients depending on joint and load type as given in Table 14.3-2.

Cl 2= 14
CQ_a = 43
[ rp 2 M \2 ‘M xzo's
] | i f - I
| c ipb | e opb
Qo 2= |Cp ol = | +Cy o —2| +Cy 4| —2 “Rq (14.3-10)
— . - M
L v \ P X P
qy 5= 0379
i
Q= l1-2Nas o (14.3-9)
Chord force factor, axial force
Qs , = 0.996
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C pi=25
Cy =43
N 7705
c ‘ Pl c ‘f Mc_ipb ' c ( Mc_opb |
aa b= L 1|5 | Tl | + 2_b" | “IRq (14.3-10)
By L Mp L Mp )]
qa 1 = 0.497
. . 2 14 39
Qf jpb = 10— }\lpb'qﬂ_h (14.3-9)
Chord force factor, in-plane bending
Qf jpb = 0989
Qf opb = 10— Nopbda b (14.3-9)
Chord force factor, out-of-plane
Qf_opb = 0.995 bending

14.3.2 Basic joint strength

Tubular joints without overap of principal braces and having no gussets, diaphragms, grout or
stiffeners should be designed using the following guidelines.

2
3 F*_f'Tc Representative joint axial strength  {14.3-1)

wj sin(8) Q 2Q 5

7
Puj =1333x 10

2
- F}"Tc -d _ _ Representative joint moment strength, inplane
M ipb = e Qipb U iph bending (14.3-2)
M 7977 1[]9
g pb T -
Fv'Tcg'd Representative joint moment strength,

My opb = W'Qu_opb'qf_ﬁpb out-of-plane bending (14.3-2)

0
My opb = 4169 x 10
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R = 1.05 Partial resistance factor for tubular joints

Puj 7 . ) .
Py=—=1269x 10 Joint axial design strength

ARy

Muj ipb 0 Design joint bending moment strength,
My jpp = ——— = 7.597 x 10 : .
_1p Rj in-plane bending
M _ Muj_upb — 3971 109 Design joint bending moment strength,
d_opb = R, DR out-of-plane bending
J

14.3.6 Strength Check

Pg = 7979041 Axial force in brace
Mp_jpb = ~154001000 Bending moment in brace, in-plane bending
Mg opb = 99443000 Bending moment in brace, out-of-plane bending

.
2 (Me o) | M
B B ipb | B_opb
U ||| 2R | B
Pal | Mg ipb Mg apb

L'J- = 0.654

DNV Reg. No.: EP034373-2011-01
Revision No.: 1

Page 188
Date : 2012-01-12



DET NORSKE VERITAS i &

BOEMRE TA&R No. 677
FINAL REPORT ON COMPARISON OF API, ISO, AND NORSOK OFFSHORE STRUCTURAL STANDARDS DWW

A.3 MATHCAD - NORSOK NO004

DNV Reg. No.: EP034373-2011-01
Revision No.: 1 Page 189

Date : 2012-01-12



DET NORSKE VERITAS

BOEMRE TA&R No. 677

FINAL REPORT ON COMPARISON OF API, ISO, AND NORSOK OFFSHORE STRUCTURAL STANDARDS

NORSOK N-004 Design of Steel Structures

6.3 Tubular Members

INPUT the following data:
Diameter, D (mm)

Wall thickness, t (mm)

Yield strength, o, (N/'mm*=)
Young's Modulus, E {(N/imm?2)

Design Axial Tension Forces due to factored loads, Ngy, (N)

Design Axial compression Forces due to factored loads, N___ (N )

Design Bending Mement due to factored loads about y axis, M, g, (N-mm )

Design Bending Moment due to factored loads about z axis, Mg, (N-mm )

Design Shear Force Vg, (N)

Design Hydrostatic Pressure, pg, (N/mm?)

Hoop stress due to factored loads, f, (Nfmm?=)

Unbraced length of member for local y axis, L, (mm)

Unbraced length of member for local z axis, L, (mm)

Radius of gyration, r (mm)

D= 1066.8
t:=17.8
£, =345
E = 210000

Ng g = 2330506

NSdt =0

My g4 = 88794000

DNV Reg. No.: EP034373-2011-01
Revision No.: 1
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D=1.067 x l{i'3 nm

t=178 i
N
£, = 345 5
mim

5 N

E=21x 10"

2

mim

5

Nggo=2331x 100 N

Nggi=10

- 7 N - mm
Mj;Sd= 8879« 10
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M, g4 = 230831000

Vigq = 39479
pgy = 0985
l.:= 16178

16178

._.
I

D = 50033
t

6.3.2 Axial tension

Area = E-I:Dj —(D- 2-t}2]

T = 115
Area-
M =
Fd
' It
Nggt
URg =
tR.d
URﬁ_l =0

g
M,gq=2308x 100 N-mm

4

Vgg=3.948x 10 N
N
= (985 2
Pgd _
1‘_. = 1.618 = 1'1}4 nmim
4
12 = 1.618 = 10 num

Cross Section Area

Area = 5866 = ll'J4

Nipg=176% 10

t

(6.1)

6.3.3 Axial Compression

INPUT the following parameters:

k=7
L,f = 16178
C_ =03

L=

1= i-[[f‘* ~(D- 2-tj4]

I
Y Area
fqi.=2C_E :
cle - et

DNV Reg. No.: EP034373-2011-01

Revision No.: 1
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See Table 5-2

Length of tubular between stiffening rings, diaphragms, or end
connections

cntial elastic buckling coefficient

I=58071 x IEIg mm4

Moment of inertia

radius of gyration 1=1370.021 mm

charactenstic elastic local buckling strength
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3
f e = 2.102 x 10

DR

The characteristic local buckling strength should be determined from:

L
£,= |& £ = <0170

c
le

o

I

\ fcle;

.

5
fe if — > 1911

ﬂ 1.047 — 0274 — ]-E,_, if 0,170 <

i =1.911
cle

le
fcl = 343
k'lv |I f::l
A, = — [ — column slenderness parameter
y iy E
kel 1y
A= — | — column slenderness parameter
w1y E

{ ™
f.= [I\l_ﬂ— 028N, |£Y] if A €134

LY

(22 5] irn, >134
T F I
TN
{ ™
£ = [lkl_ﬂ— 028X, /I|-f}.:| if A, £1.34
foo _
—]f,_ if :"‘z =134
SCI
f, = min(f.f;) £, = 330.012

DNV Reg. No.: EP034373-2011-01
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(6.3)
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Define the characteristic elastic hoop buckling strength (Clause 6.3.6.1):

Geomefric parameter, p, :

L -
t [2D
= b= 166.031
D+ t
l,—" Y
_ D
Cpo= || 08— if W2 16—
S
D
[ +:|_21-|T }—‘
044—+ — 2 | F OB — <p<lb—
L D 4 J t t
i
0737 D
—— f15Zp<0825-—
p—0.379 t
080 if p<ls

Then elastic hoop buckling strength, f, . is determined:

t
£ =2.Ci-E—
he h D

Charateristic elastic buckling strength:
fyo= |6 i fpo > 2444,
- 04
Fe
fi
il
':}_T-i“r,-‘ —

fhe if fe <0555

Define Material Factor (Clause 6.3.7)

6

if 2446, = §,, > 0.55£,

-3
Cp=7-342x 10 °

(6.20) fyo = 51.449

(6.17)

="
I
E
i
k=]

(6.18)

(6.19)

W, =1513x 10’

N_4 15 negative if in tension

W, = E Elastic Section Modulus
N"yl:l- = NSdC };fsd = 2.331 = 1':"
[ 2 2
Nig  (Mygqg +Mggq
Tooq = -
csd Area W

e
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_ Psa®

Tpsd T o4
[ f‘r [ f‘

A= | == and hh=+;

\‘l fClE' Y fhE

| ":"::Sd| ( Upad-\ :
A= e+ ’ Ay

£ L /

pp= 115 i A, <03
(0.85 + 0.60-x,) if 0.55X, <10
145 if A > 1.0

= 1.401
Al‘ea-fc
N Rd =
M
Nsd
URg 2=
Nerd

6.3.4 Bending

Z= %-[DE -(D- l-rjg]

2 2
o I = =
Mgg = Mygq + Mzgq

Characteristic bending strength:

(6.16) _ 217
'Upsd_ 29317
(6.24)
:’“c = 0.403
I’sh= 259
-
(6.23) I’s;__= 0918
(6.22)

-

N.gg = 1.382 x 10

62) URg 5 = 0.169

plastic section modulus

design bending moment

I f\\ if f}r-D*’DDSIT (6.10)
m | w, ¥ Et '
-D) D
| 113 = 258 —— . —£ | if 0.0517 < —— <0.1034 (6.11)
\ Et ) W, ° E-t
DY 7] £.-D i
|+:|.94 - 076 —— . —£,| if 0.1034 < —— <120= (6.12)
\ Et ) W, E-t E
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.'{I‘_-'e
Mp 4= 9 Moment Resistance
Rd —
I MRd = 4226« 10
M
Sd
UR'5 9= UR'5 9= 0.059
. M )
Fd
6.3.5 Shear

! 4
Vgg = 3.948 x 10

e = 113
Areaf, 6 Shear Resistance

T'.'Rd = I_—" ‘LRd =508 10

23

‘p?

] Sd R -3

UR|513= W [-m|513= 7.771 = 10
Ed

Mygq = 43301000

I,= 21
E'Ip'j;; 9
D31y,
UR Mrgqg .
614= ~ _3
Mrzg URg ;= 8.642 x 10

6.3.6.1 Hoop Buckling

U'Psd = 29517 fh = 51.449
f .
fRa=— Hoop Stress Resistance
M
i,
pad
UE. =
i
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6.3.8 Tubular members subjected to combined loads without hydrostatic
pressure

6.3.8.1 Axial Tension and Bending

- 7 g
Negye=10 Mj.-'Sd = 8.87%9 « 10 M,gq= 2308 x 10
MNip 4= 176 IEIT Mp=4226 IIZIE:I
tRa = 170 R4 = $220%
/ 175 [ 2 2”
f ™
Ngdt JMysg = Mggg ||
| ‘ + = if pgd =0
\ Nia Mgy
URg 26 =0
6.3.8.2 Axial Compression and Bending
INPUT the following parameters:
{:'m}, =085 C, =085 reduction factors comresponding to the member y and z axes
: E-Ar g
™ -L-Afed
Ny == Ngy = 1.304 x 10
.I': k_lvxlz_
-l"-. i A
2 E-Ar 8
™ -C-Afed
Nep= = N,, = 1.304 x 10
.I': k-lz\'i
\3 1 A
fopérea : . . .
Ngpa=—"" Design axial local buckling resistence

M
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Nopg = 1445 x 10°
URg 5= |0 if pgy>0
| o
Naa 1 me'j"{}de CmzMzgq |
~ ~ if de 1]
Nera Mgg . Naa Neg
L Ny Nez ) |
i [ 12 2)
Nag  (Mysg *Mggq |
Nopq M ¥ Psa =0
\ Nelrd Rd )
UR'SET =10 and L—Rﬁ_zg =
6.3.8.3 Interaction Shear and Bending Moment
W
TSd =777 =10 3
VRd
Mgy
M Ve
Rd 5d

14— ——

\ VRa

Me Ve (6.32)
Sd Sd

—— if — <04

Mpg VR4

6.3.8.4 Interaction Shear, Bending Moment and Torsional Moment

I'viTSd =453 x IUI
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) D _
Fadius .= — Badius = 333 4
7

£,
£i= £, = 246.27
d ) d

M

Mo
TSd .

TTSd = — Tng = 1424

2-w-Radins -t

[ 3

| (Trsa )
=f-|1-3 )
fnRed fmJ T £ Req = 39122
_ we'meed
Mpegra™=—"""
I
My
M v
RedRd sd
URg 12 = < if =04
6.33 . = v
| Vsa VRd
|1.-1-—_—
\ VRa
Mgg  Vgg
if — <04
Mpedrda VR4

URg 33 = 0.059

6.3.9 Tubular Members Subjected to Combined Loads with Hydrostatic
Pressure

6.3.9.1 Axial Tension, Bending, and Hydrostatic Pressure

INPUT the following data:

Tagq = 397 design axial stress that excludes the effect of capped-end axial compression

arising from the external hydrostatic pressure (tension positive)

Tysd = G'S'Upsd capped-end design axial compression stress due to extemnal hydrostatic
pressure (compression positive)

TmySd = 5.9 design in plane bending stress
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design out-of plane bending stress

Uszd =152
Tgsq = 14758 fipg = 36.726 £, = 391.24
Method A (o, ¢, is in Tension)
a). Foro_., == Ty5d (net axial tension condition)
fy
Mi=3-4— M= 4403 (638)
f;_r
' o d-l
B = min 1, | B = 0.804 .
f].'IRd,-' I: . "}
Design bending resistance in the presence of external hydrostatic pressure:
fn [ | 2 2.9 |
f hR4 ™ —-'|,J1 <0008 - B*"_ 03.8) (6.36)
M
fhRd = 199.394
Design axial tensile resistance in the presence of external hydrostatic pressure:
5 ( R i
fppq= —— 1+ 009B -B" - 03B/ (6.35)
M,
M fpq = 175.828
L—Rﬁ_3_1_ = |0 if D’an <0
[ f 2 2
Ta5d ~ Ygq5d o) TmySd T “mzSd 6.34
2 CEL I = if a,gq>0 (6:34)
. fnrg fmhRd
URg34=0
b). Foro_g, < Ty5d (net axial compression condition)
f':l g 7
fypg ™= — (6.40) fipg = 246.27
™M
|' 2 2
URg 3 |Uasc1 - Uq5d| J TmySd T “mzSd
395 -
foira fmhRd
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URg 30 = 0.303

When o ., = 0.5f [y, andf__>05f _ then

f 2 2
o ... YMzsa " Mysq
mSd = r
mE‘
Tesd = “mSd T YqSd ~ Yasd Reflect the maximum combined compressive stress
Tooq= 70.803
f;
il
Ceg - 05— 2
M| Tpsd |
URy 4y = T . L (6.41)
6.41 £ £ £
cle 0.5 he he I
M ML M
UR6.41 = [0.681

Method B (o, o, is in Tension)

Tacsd = —397 design axial stress that includes the effect of the capped-end
compression arising from the extemal hydrostatic pressure
(tension posifive)
f 2 2
UR. - o |f’ac5.d| R TmySd T TmzSd (6.42)
6.42
fhRra fnhRd

6.3.9.2 Axial Compression, Bending, and Hydrostatic Pressure

Method A (o, <,is in Compression)
No= A= 0304

£=1-028)\ £ = 0957
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1 fC]. _'r Ecrqu | 5 " Uqu i |If' E-Uqu\'_l
fara = || 7 — &~ + |8+ 1_12-:’«‘-—] if X\« 134 |‘ 1- ‘ (6.47)
2| S fa ) I 1) o
0.9-f, T v !
el ' =Ty5d |
if}u-“-_°1.34--|||1— = s
b )
N VA fa ) (648)
fpg = 223.514
2
foo= B 3
Ey T T 3 §.43 fr,, = 2224 =% 10
_I" 1{_1“\.4 ( } E}
i
2
m -E
= 6.46 3
Ez ™[ ; (6.46) fr, = 2224 x 107
' 1{-12 h =
l__T_.l
0.5
I Ty = ./ -"-I—
|Ua5d| 1 cmv'ﬂ-m}fﬂd Conz Tmzsd
UR|543 = + - = 6.43
fhrd  TmhRd s |Tasdl . |%asd| (6:43)
L & J U & /]
" : 2 6.44
|Ua5d| TOsd  /Tmysd T “mzSd (6.44)
URg 44 = S
feirg fmhRd
URg 43 = 0.247 URg 44 = 0.303
Method B (o, s, isin Compression)
Toaesg = 397 design axial stress that includes the effect of the capped-end
compression ansing from the external hydrostatic pressure
(compressicn positive)
F- c R -,2“0'5
TaacSd ~ “qSd 1 "TmySd | TmzSd
URg 50 = — = : = = |+ mz me 16— s0)
fehRrd fnhRd | _ TaacSd ~ Tgsd ‘ , _ TaacSd ~ TgSd
£ , f
URg 5 = 0.181 B /A Bz J
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|' b )
-

Taacsd N \ Umj.-'ﬂd_ T TmzSd

feRa fmhRd

U = |max{URg 50.URg 51) if Oac54 > Tgsa

URg 51 if Taac54 = 9gsd

Uy, = 0.243
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6.4. Tubular joints

6.4.3.1 General
Validity Range
02<A<10
10 =~ =50
30° =@ <00”

T=1.0

F =500
¥

-

— =04
D

For K-joints

INPUT: Basic Geometric Parameters for Simple Tubular Joints

Fy = 345
Fop = 345

B:= 49.6°

gy, == 1058

t= 222

T, := 533

d = 853

D := 2560

™ 2 i 2 -7 5
A = I-[ —¢~D—2Tcﬂ=4.19.- % 10

B=3 B=0333
D
o= — = 24.015
2T,
t -
T=— T= 0417
T
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Yield strength, chord
Yield strength, brace
Brace included angle

Gap betwean braces

Brace wall thickness at intersection
Chord wall thickness at intersection
Brace outside diameter

Chord outside diameter

Chord cross sectional area
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6.4.3.3. Strength Factor Q,,

K joint only with positive gap

(e g
b . B
Q= [19-]| =1

Y s C

"zap too small"  otherwise

Qg = max(1.Qq |
Q, = 1257 (Gap factor
03
=laT oo P06 14.3-5
Op B(l-0833p) B ( )

(14.3-6)

1.0 otherwise

Q=1 Geometrical factor

0, varigs with the joint and load type, as given in Table &-3.

« 0O, for Axial Loads

Qy 5= (19+ 19-;3}-QBD'5-Qg

Q, 5= 10.347

» Q for In-Plane Bending

0.3
Qu_ipb =45B

Qu_ipb = 7.348

+ @, for Out-Of-Plane Bending

(0552
O ogp = 324777

Q_opt = 3-818
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6.4.3.4 Chord action factor Q;

Q) is a factor to account for the presence of nominal loads in the chord.

4 4
7 D" -(D-2T) —‘ Elastic section modulus
E" s n
Zp=2577x 10°
P. = -12525200 Chord axial force
M. iph = 1827400000 Chord bending moment, in-plane bending
M. opb = 115418000 Chord bending moment, out-of-plane bending
P Design axial stress in chord
Cigg = — = 2084 g
Ag
Mc_ipb 2062 Design in-plane bending stress in chord
o = = JUFS
mySd 7z
Mc_opb . . .
TaSd = Z = 0.443 Design cut-of-plane bending stress in chord
E
A, = 0.03
Nopt = 0.021

INPUT the following coefficients:

Coefficients depending on joint and load type as given in Table 6-4.

Cl_a = 20
Cl a = 22
’7 2 " 7 2.,-|'D‘j
a | o o4 +00
A a-= Cl ) anl -c, | mySsd mzsd |
- F = 2| (6.55)
LY 162-F "
\ ¥ J
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A a=0394
( 2)
Qg =I1-AgAa ) (6.54)
Chord action factor, axial force
Qf , = 0.995
{:.1 b = 25
Cy =30
- 52 2 2 03
U P Loy +
Sd Sd Sd
Ab=C h-| 2 | £ 0y | D mz (6.55)
- F., - 2
LTy 1.62F,, |
A b=0441
Q ipp = 10~ Ripp-& 0 (6.54)
Qr ipb = 0.091 Chord action factor, in-plane bending
Qf opb = 10— AgppAb (6.54)
Qr opb = 0.006 Chord action factor, out-of-plane

bending

6.4.3.2 Basicresistance

Tubular joints without overlap of principal braces and having no gussets, diaphragms, grout or
stiffeners should be designed using the following guidelines.

Resistance factor

ppi= 113
FV-TCE
NRa = T ey Qe Qe (6.52)
Npg= 1133« 1':}T Jeint design axial resistance
FoT. d
Mpg ipb = m'ﬁu_iph'qf_ipb (6.53)
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Det Norske Veritas:

DNV is a global provider of knowledge for managing risk. Today, safe and responsible business conduct is
both a license to operate and a competitive advantage. Our core competence is to identify, assess, and
advise on risk management, and so turn risks into rewards for our customers. From our leading position in
certification, classification, verification, and training, we develop and apply standards and best practices.
This helps our customers to safely and responsibly improve their business performance.

Our technology expertise, industry knowledge, and risk management approach, has been used to
successfully manage numerous high-profile projects around the world.

DNV is an independent organisation with dedicated risk professionals in more than 100 countries. Our
purpose is to safeguard life, property and the environment. DNV serves a range of industries, with a
special focus on the maritime and energy sectors. Since 1864, DNV has balanced the needs of business
and society based on our independence and integrity. Today, we have a global presence with a network of
300 offices in 100 countries, with headquarters in Oslo, Norway.

Global impact for a safe and sustainable future:

Learn more on www.dnv.com
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