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The present report deals with the design, fabrication and
installation of the Steel Support Frame on the Fixed Off-

shore Structure. Treatment and Compressor Platform

No. 2 on the Frigg Field (TCP-2).

The related design control and inspection activities carried

out by det norske Veritas on behalf of the Norwegian

Petroleum Directorate are described.

The permanent Modules and Pancakes which are located on the

platform will be dealt with in a separate report.
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1.0 INTRCDUCTION

This report deals with the design, fabrication and instal-
lation of the Steel Support Fram {(SSF} on the Fixed Offshore
StructurejTreatment and Compressor Platform No. 2 (TCP-2).
The related control and inspection activities carried out by
Det norske Veritas, on behalf of Norwegian Petroleum Direc-
torate are explained.

"Avtale mellom Statens Olijedirektorat (0D} og Det norske
Veritas (DnV)" of October 1974 forms the basis for the
control and inspection activities performed by DnV. The
scope of these activites are further laid down in "Scope
of Work for Control and Inspection of Fixed Offshore
Platform TCP2 - Frigg Field on behalf of Norwegian Petro-
leum Directorate" dated January 1l4th, 1977.

Becth the above referenced documents are attached in

Appendix 1 to this report.

This report which, as mentioned above, comprices of a resymé
of the design, fabrication and installation of the Steel
Suppeort Frame on the Frigg Field Treatment Compressor
Platform No. 2 TCP2, covers only the structural parts of

the platform. The Modules will be dealt with in a separate

report.

With reference to the above "Scope of work" only one
recommendation remains to be given by DnV for NPD-approval
for TCP 2, namely:

7. Approval for platform to be taken into use of hydro-

carbon production.
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Based on results from bnV inspection of offshore works
presently going on, such recommendation and approval will be
given by DnV/NPD in 1978.

The present report contains the most essential information
with respect to the design, fabrication and installation of
the platform as well as the premises upon which these activi-
ties are based. For further details reference is made to the
appropriate documents referred to in the following.

The aim of the DFI-resumé is also to establish a basis for

planning inservice inspection programs in order to:

- maintain the NPD-approval in the operation phase of the
platform

- provide assurance to Elf that platform will perform

safely in the operation phase

DFI-resumés for TCP 2 Concrete Structure as well as Gas

Riser Pipes will be prepared separately by DnV.
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2.0 GENERAL DESCRIPTION

The Steel Support Frame being a module deck which consist of
four longitudinal girders and six transverse girders as

shown on K.E. drawings Fig. 2.0a-c.
The main dimensions: [LxBxH 73mx51lmx9.6m[ capacity: approx.
22.500 tons on two decks.

The SSF is supported on three condeep shafts which forms the

corner of an equilateral triangle.

The structure receives live load from pancakes on the lower
chords and live load from the Modules on the upper chords.
The loading on the structure will be explained in more

detail in section 3.4.

The main members of the support frame consist of box sec-—
tions which are fabricated by welding. The section proper-

ties of-the members are shown on drawings Fig. 2.0d-h.

The deck was fixed to the concrete columns by means of 427

posttentioned anchor bolts (Dyvidag).

Construction periode: November 1975-June 1577.

Towing to Frigg: June 1977.
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3.0 DESIGN RESUME

3.1 Specification

The following main specification is the basis for the
design and construction of the TCP2 - Steel Support Frame.

TECHNICAL SPECIFICATION
FOR
A STEEL SUPPORT FRAME DESIGN TCP-2
ELF - NORGE A/S
TREATMENT-COMPRESSION PLATFORM NO. 2 FRIGG FIELD
February 1975 1lst Revision

A list of different specifications applied on TCP2 is in-
cluded in the list of 'References' in Appendix 8.

Comments and the application of these specs. will be given

in the relevant chapters/subsections.
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3.2 OQrganization

NORWEGIAN CONTRACTORS has been Main Contractor for the

TCP-2 structure for the Frigg Field,
construction of both base- and deck structure.

The client, ELF NORGE A/S,

GENERAL

in the design and

is operator for the Frigg Field.

Norwegian Contractors Scope of work under Addendum 4 to

Contract E-~10 can generally be described as

Design and fabrication of the TCP-2 Steel Support

Frame,

handling and transportation until delivery on

two barges, safely moored at gquay in Andalsnes,

Also included, is the project management for this work.

ORGANIZATION PLAN

CLIENT
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risers etc
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M DERSMACT T HUDSOM
kg
KVAERNER TECHNIP
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T
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. MN.P.D.

{awsign.fabrn=0nv)

-

S —
\PROJECT ORGANIZR
{PROJECT ORGANIZY

ilmign. contr..

MAIN CONTRACTOR

NORWEGIAN COMTRACTORS
TCP T
« ¢wntract E-1Q adeendum d

waiding spece
shop ':lguvnng.
THO
apacial wnvastd
CCERET

o et

SUBCONTRACTORS

DESIGMN

FABRICATION

AMY
AMY ~CMP
capr
UiE

MARITIME OPERI

N

SPECIALISTS

Psinting NSFI
Gim Conty a0
Malr Weld eic L=
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Selection of materials has been based on

- E1f Norge's specification "1052 No. 5-302/Rev. 0/JPS of
May 1975

and applied for delivery of rolled plates, shapes, sections
and profiles. These plates have been produced from high
strength steel and mild steels. The designations used in the
specifications and on drawing as applicable have been as
listed below reflecting the mechanical characteristics and

typical applications:

Table 1: Designations of structural streels in TPC-2 material

specifications.

Designation Steel grade Thickness Classification Typical use

acc. to {mm) acc. to
DIN 17100 DnV Rules
SHS 20 St. 52-3N 12-15-20 Special Nodes, girders,
{modified) -25 trusses
SHS 40 St. 52-3N 30-40-50 Special Heavy wall nodes,
{modified) ~60-80~ girders, trusses
=100
ML O St. 37-3U various Secendary Plating, sections
ML, 20 St. 37-3N various Primary Plating, sections,

profiles

For ST 52-3N steel, a minimum yield strength of 3400 kp/m°

are used for all plate thickness.

All structural steel have been specified to be made acc. to
DIN 17100 and modified as considered appropriate for the grade
and application. The following main modifications/supplemen-

tary requirements have been specified for high strength steel,
St. 52-3N:
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Designation Chemical Mechanical properties Soundness of steel plates
composition

SHS 20 As for HS 20 as for HS 20 plus 2Z- Level 2 of S.E. 062-69
except: direction tensile at plate edges and plate
Max 0.18 C tests with RAZ > 30% body
Max 0.01l5 S (Note 2)
CE max Q.43
for ¢ < 30
mm
CE max 0.45
for t > 30
mm
Vacuumn
degassed

SHS 40 As for SHS 20 except impact testing at -40°¢c

Notes (1) CE = C+Mn/6 + Si/24 + (Cr+Mo+V)/5 + (Ni+cCu) /15
(2) RAZ = Reduction of area measured acc. DnV recommen-
dations (1873)
{3) Soundness: Stahl-Eisen Lieferbedingungen 072-69

"Ultraschall gepriiftes Grobblech".

General delivery conditions has been based on ASTM A6 "Stand-~.
ard specification for delivery of rolled steel plates, shapes,
sheet piling and bars for structural use" as regards dimen-—

sions and straightness.

Non-structural materials

——— —————————— ——— ——— ] T e

Non-structural materials used for walkways, ladders, brackets

etc. have been selected from one of the following grades:

- Plates/sections shapes: DIN 17100/St. 37-2U0, St. 42-2,
St. 52-3 or equivalent grades.
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The major part of structural steels have been delivered by
Suomitomc Metal Industries, Japan. Certificates have been
issued by the steel mill, but endorsed by DnV.

Additional deliveries have been made by Oxelgsund Jernverk,

Sweden.

Purchasing of structural steels has mainly been handled by the

cwner.

Total steel weight was appr. 3443 tons.




Report No.:

Det nOI'Ske VerltaS Page No.:
Industrial and Offshore Division

13

3.3.2 Material Application

The structure i1s classified into the following group:
(Ref. Fig. 3.3 a) b)}.

Special structural parts (SSP)

Support ring D3, Bé and Fb6.

Node between crossing of girders:

Row 2~-C, 2-E
" S-Af 5""C ’ S_E r S_G
" 7-A, T-C’ 7_E] 7""G

i.e. mode no.:

206, 256, 207, 257,

406, 456, 407, 457,

500, 550, 501, 551, 506, 556, 507, 557,
700, 750, 701, 751, 706, 756, 707, 757.

Node above support ring:

Node no.: 21, 41, 505, 555, 705, 755.

Primary structure (PS)

All other structural parts of the steel support frame,
including the main members in the structural deck.

Secondary structure (SS)

Structural deck and stringers except as mentioned above.
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3.3.3 Corrotion Protection

The coating of the steel support frame are carried out
according to the El1f Specification, see /5/, /6/ and /7/.
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The steel support frame are designed in accordance with the
AISC Specification /8/ and the DnV Rules for Fixed Offshore
Structures 1974 /9/. Reference are alsc given to the Nor-

wegian Code for Steel Construction /10/.

For storm conditions the AISC basic allowable stresses are
increased by one third as stated in the DnV Rules /9/.

Deck members supporting modules/pancakes subjected to large
hydrostatic test loads, members subjected to heave and roll

acceleration forces during transportation or similar excessive

short turn loads designed by considering a one third in-
crease in the basic AISC allowable stresses.

However, stresses produced by normal operating loads shall
noct exceed the AISC basic allowable stresses without the one

third increase.
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3.4.2

a)

b)

Environmental condition

T T it ekt e A S D bt T il e S Y e S .

Wave height: 29 m
Wave period: 14 s

Current velocity at surface: 1.35 m/s
" " 30 m above sea bottom: 0.70 m/s
" " at sea bottom: 0.30 m/s

Between these levels the current velocity varies line-
arely.

A maximum 1 minute sustained wind velocity of 55 m/s
used constant from the sea level to + 1l0m. Above 10 m
the velocity is given by:

<
il

551/Ch

zZ + 18

Cn = 2> 7+ 60

(z in meters)

Operating Conditions

Wave height: 18.7 m
Wave period: 11.2 s

Current velocity at surface: 1.00 m/s
" " 30 m above sea bottom: 0.58 m/s
" " at sea bottom: 0.30 m/s

Between these levels the current velocity wvaries line-

arely.
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A maxjmum 1 minute sustained wind velocity of 35 m/s
is used constant from the sea level to + 10 m. Above
10 m the velocity is given by:
v, = 35/(:h
where
_ z + 18 .
Ch = 2,5 E—'+—60" (Z in meters)
c) Transportation_and_Towing

i) Transport of part of SSF from Dunkirk to Cherbourg.
Max. wave height 6.0 m to calculate deflection of
barge in waves. Wave length equal to length of
barge.

Interaction forces due to barge motions acting in
c.g. of deck structure.

- Vertical 0.5 g

- horizontal/transverse 0.5 g

- horizontal/longitudinal 0.25 g

ii) Transport of deck from Cherborug to Andalsnes.
Wave height Hl/3 = 6.0 m.
Period T = 8.5 sec.

This result in a max. roll angle of 23°.

iii) Towing (from Andalsnes to Frigg Field).
According to ref. /l1/, the platform were designed
to withstand operating wave and wind forces i.e.
Wave height: 18.7 m
Wave period: 11.2 s.

And a maximum 1 min sustained wind of 35 m/sec.'
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The TCP 2 response in floating conditions is evaluated
in He¢yer Ellefsen Report No. H-E 7504 /22/.

Hgver Ellefsen Report No. H-E 7509 /23/ gives a summary
of the conclusions from the above mentioned report.

A spectral analysis of the responce during tow-out to
the installation field is given in Hgyer Ellefsen Report
No. 76028 /24/.

However, the most severe load condition during towing,
will occure if water is coming into the structure due to
damage. This situation is treated in Hg¢yer Ellefsen
Report No. 7525 /25/.

d) Temperature, snow_and_ice

The effect of differences in temperature between the
concrete structure and the steel support frame are cal~

culated.

It is assumed that no differences in temperature occur
between the steel truss members. The temperature of the
concrete structure and the steel support rings is

assumed to be the same as the water temperature.

For the location considered the temperature falls between
the following limits /1/:

Air temperature: -15°c and +32°C
Water " : +14°% and +17°%

When assuming a temperature range of 2% - 15°% during deck
erection in Andalsnes, this leads to a temperature deviation

of plus minus 30°%.
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Snow and ice accumulation are not considered in the

overall calculation.
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3.5 Design Approach

a)

The steel support frame and the Condeep shafts form a

space structure.

When analysing the support frame the structure is con-
sidered as a space frame, consisting of the three verti-
cal concrete shafts and the steel deck.

The connection bhetween the shafts and the deck structure

is assumed fixed.

The shafts are taken as clamped at the caisson of the

Condeep platform.
In order to set up the mathematical model:

- The steel deck is considered as an assemblage of
individual beam elements. The beam elements are
~assumed to be straight bars having their axes at

the senterlines of the steel sections.

- The top of the concrete shafts are subdevided into
shell elements. Beneath the shell sections beam

elements are used.

- The centreline of the shaft beams and the shell
structures are connected by a set of infinitely

riged beams.

- The centreline of the support ring beams and the
shell structures are connected by a set of fictive

finite elements.
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- The rigidity of the shafts are based on the entire

concrete cross sections ignoring the reinforcement.

- The shafts are assumed clamped at the top of the

Condeep caisson.

The overall analysis of the structure has been carried
out by KE by application of STARDYNE 3 /18/ which is a
static and dynamic structural analysis system of computer
programs for linear elastic structural models.

The computer model and the node numbering first used by
KE, are shown on the following drawings: (enclosed,
appendix 5).

Uc 3337 - 0440 - 20 - 1001
UC 3337 - 0449 - 20 - 1002
UC 3337 - 0449 - 20 - 1003
UC 3337 - 0449 - 20 - 1004
uC 3337 - 0449 - 20 - 1005
UC 3337 - 0449 - 20 - 1006

As shown on the three last drawings the rings are re-
presented by an assemblage of 12 straight beam elements.
The upper parts of the concrete shafts are modelled by
planar guadrilateral shell elements. The ring beam
elements and the shaft elements are connected by a number

of extra beam and shell elements.

These connections will be explained in more detail.
The following assumptions are made:

- Beam theory is valid for the ring beams.

- Twisting of the beams are taken as pure torsion,

i.e., warping is neglected. (This is also a STAR-

DYNE assumption.)
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i

The bottom flange of the rings are rigidly connect-
ed to the top of the shafts.

The finite element modelling of ring - top of shaft is
shoen on Fig. 3.5 a).

The elements which connect the ring and the shaft are
given stiffness ridgities which yield realistic deflec-
tion of the beam resting on the shaft.

When a point load is acting on the ring beding moments
and shear forces will be introduced. The distribution of
this forces depends on the axial and shear deformation

of the connection elements, see Fig. 3.5 b). An assem-
blage of shell elements having a thickness of 2tW and the
module of elasticity of steel, will support the ring
element in a rather realistic way.

The introduction of such elements in addition to the
beam elements means:

- Only a small increase in the bending stiffness of
the section above the concrete part. This is due to
the fact that this shell element do not have a rota-
tional degree ¢f freedom perpendicular to its own
plane.

- The axial stiffness is increased somewhat, but since
axial deflections do not mean much for the stress

resultants this may be tolerated.

So far only the bending behaviour has been considered.
Torsional moments must also be taken into account.
Twisting of the ring may introduce local bending moments
in top of the shaft wall.




Report No.:

Det nOI"Ske VeﬁtaS Page No.:
Industrial and Offshore Division 23

In the mathematical model vertical beam elements have
been introduced between nodes in the ring and nodes in
the shaft.

The bending ridgities about the weak axis are neglected.

The model mentioned has a coarse mesh of the rings and
the upper part of the shafts in the circumfirential
direction. When using simple straight beam elements and
planar shell elements this may lead to inaccurate for
stresses in the steel ring areas.

We have therefore put up a refined model for this part
cf the structure. The model and the node numbering are

shown on the drawings:

UC - 3337 - 0449 - 20 = 1009
UC - 3337 - 0449 -~ 20 ~ 1010
UC - 3337 - 0449 - 20 - 1011

This model should give acceptable results for the over-
all stresses in both the steel and the concrete struc-

ture.

Rigid offsets at nodes have been used for two reasons:

1. To represent the excentricities of the diagonals
and verticals.

2. To give the upper and lower chords an increased

stiffness at the nodes.

At an early stage a model without any stiff offset at
all was used.

Later on, stiff offsets were specified on the verticals
and the diagonals to represent the excentricities in

the nodes.
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Y
A model specifying 2/3-1 where 1 is the distance from
the centreline of the node to the end of the gusset
plate, has been suggested, see MODEL B.
The finite element analysis of node 410 indicates that
the offset beam should have a length of 1/2+1. The model
based on this assumption was called MODEL C.
b) Transportation
During transportation on barges and deck installation,
a computer model neglecting the concrete shafts is used.
The same node numbering system as shown in drawings.
VC 3337 0449 20 1001 A is used for the deck structure.
c) Towing Phase

During towing the same model as for Operational Phase

is wvalid.
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i) Wave and Current Forces

The forces on the Condeep shafts due to waves and
current is calculated by Hgyer Ellefsen /11/ for

different wave angles and different phase angles,
see Fig. below.

60°  [90° 1200

Wave angle
&=0°

- + ’ | /Phése angle 8= 0°

Phase angle B= 270°

Wave angles and phase angles
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The horizontal forces and overturning moments for
operational waves are given in table below for

different wave angles and phase angles. The varia-

tion are also shown on figure 3.5 ¢) d).

seen that a phase angle of 300° results in the
largest horizontal forces and overturning moments
for almost every wave directions. Therefore this
phase angle are used in all calculations concerning

cperational waves.

OPERATIONAL WAVE FORCES ACTING ON THE SHAFTS

Wave

~ ' phase 285° 300°

It may be

o)
angle angle 315 330
Force
0° Force 5941 5918 5492
Moment 204690 215680 211170
30° Force 5970 5962 5553
Moment 206360 218830 216230
60° Force 5999 5595 4689
Moment 221360 219910 195240
90° Force 5946 5538
Moment 217680 215160
120° Force 5932 5898 5472
Moment 204080 214310 209770
180° Force 5999 5595 4689
Moment 221360 219910 195240
NOTE:
Force = Total horizontal force on shafts.
Moment = Overturning moment at shaft base.
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For the storm wave forces Table below has been
prepared. In this case the horizontal force has

its maximum for a phase angle of 315° and the over-
turning moment has its maximum for a phase angle

of 330°.

As the maximum horizontal force and the maximum
overturning moment do not .take place for the same
phase angle, a separate calculation has been per-
formed to find the governing phase angle.

A computer run for storm wave & = 0, phase angle

o = 285°, 300°, 315°, 330°, 345° has been made,
and axial forces and bending moments has been com-
pared. It may be concluded from this computer run
that a phase angle of 300° is governing.

The operational waves govern the design for the
steel deck structure (execpt 2 members). The reason
for that is the one third increase of the allowable

stregsses for the storm condition.
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Wave Phase o o] o

angle angle 300 315 330
Force

0° Force " 9593 9633 8932
Moment 326500 365400 375100

30° Force 9612 9678 8994
Moment 327360 368500 380400

60° Force 9615 9705 9053
Moment 327100 370300 385400

90° Force 9563 9617 8970
Moment 324260 363900 378500

120° Force 9537 9541 8877
Moment 322600 358600 370800

130° Force 9592 9636 8962
Moment 325490 365400 378600

Force = Total horizontal force on shafts.

Moment = Overturning moment at shaft base.

Force {(max.) => phase angle = 315°

Moment {max.) => phase angle = 3300.

ii} Wind Forces

The calculations ¢of the wind forces are based on the
DnV-rules /9/ and "Technical Specification for a
Steel Support Frame Design TCP-2" /1/.
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The wind forces are calculated using the formula:

sz .
F = CS T * sin o * A
CS - shape coefficient
Vz - wind velocity in m/s
¢ = angle between wind direction and the surface
A - projected area in square metres

The wind forces are calculated for operational and
storm condition using the following parameters.

Operaticnal condition:

Vlo = 35 m/s
Storm condition:
V10 = 55 m/s

The values for V10 are the maximum 1 minute sustain-
ed wind velocity at level 0 to + 10 m.
Above + 10 m the velocity is given by the following

formula:
2 _ z + 18 | .,2
V2 = 25 2360 " V1o
(Z in m = height above sea level}.

In the computer calculations the operational wind

forces are calculated by multiplication of the

storm wind force with a factor = 0,405.
This factor is equal ratio , 2 ,
2 2 - 357 _
(vop.cond) /Vetorm cond! = 552 = 0,405
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The storm wind forces are calculated for 3 levels.
Shape of platform deck.
lavel 44m
leve! 36m
level 27m
level 27 m: Steel Support Frame
level 36 m: Treatment Modules and Conpressormodules
level 44 m: Tanks on top of Modules etc.
. — j—
_ , 2 -V
. Level Vs 6 Cs
m m¥/s2 kp /rm?
v 3902 2439 4,8
36 4265 2666 | 16
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Report No.:

iii) Dead Load and Live Load

The dead load of the structure are calculated

using the following specific weights:

8,0 t/m>
2,5 t/m>

Steel: Ys
Reinforced concrete:yc

" Drawings (included in Appendix 3)

UC 3337 = 0449 - 20 - 1021 Rev., J
UC 3337 - 0449 - 20 - 1022 Rev. H

show the total live load (LIVE LOAD 1) on cellar
deck and main deck respectivily. This locadings
exist when the platform is fully equipped.

The first years after platform installation the
compressor modules are not installed. The struc-
ture is therefore designed for an alternative live

load (LIVE LOAD 2} shown on drawings:

UC 3337 - 0449 - 20 - 1023 Rev. E
UC 3337 - 0449 - 20 - 1024 Rev. D.

The dynamic factors used, account for the dynamic
forces caused by the rotating machinery inside the
modules and pancakes on the compressor side. The

dynamic factors are as follows:

6% for module 30, 31, 33, 34, 35 and 36
5% for pancake 42 and 45
10% for pancake 41 and 44
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It is assumed that the dynamic forces are acting

in the vertical plane through the X2-axis, and that
the direction of the force vectors may rotate as
shown on Fig.

— | 'x3

x2

L Rohi‘ing -F:.wce, P
N , thecHorI(p

The loading shown on the above mentioned drawings,

are the one used in the final computer runs.

However, during the design pericd the loading has
been changed many times. Some of the design calcu-
lations are based on earlier revisions of drawing
1021 to 1024.

However, all members are checked for the final

loading recieved in November 1976.

In the chapters where a change of loading could ~
influence the chosen dimentions, separate calcula-
tions accounting for the new loading have been

carried out.
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b)

c)

The equipment loaded on the Support Frame when tran-
sported on one barge from Cherbourg to Andalsnes is

shown on drawings:

UC 3337 0449 20 1061 Rev. C
UC 3337 0449 20 1062 Rev. D

The max. loading when the SSF is supported on two barges
in Andalsnes, is shown on drawings:

UC 3338 0449 20 1063 Rev. D
UC 3337 0449 20 1064 Rev. C.

Check of stresses in the SSF during transportation

is performed.

The FRIGG TCP 2 response in floating conditions is eva-
luated in Hgyer Ellefsen Report No. H-E 7504 /22/.

Hgyer Ellefsen Report No. H-E 7509 /23/ gives a summary

of the conclusions from the above mentioned report.

A spectral analysis of the responce during two-out to
the installation field is given in Hgyer Ellefsen
Report No. 76028 /24/.

However, the most severe load condition during towing,
will occure if water is coming into the structure due

to damage. This situation is treated in Hgyer Ellefsen
Report No. 7525 /25/.
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3.5.3 Dynamic_Analysis

The dynamic aspects of the Structure are presented in report
/19/, /20/ and /21/. |

The first report /19/ uses the deck representation shown

on Fig. This report presents dynamic amplification factors

for bending moment at the base and top of the shafts. The cal-~
culation are performed for different wave periods and wave
heights. A list of the model data are listed in the report.

Report /20/ compute dynamic amplification factors using the
same model with the exception of the so0il data. The geometri-
cal soil damping is redused, and for the shorter wave periods
the soil shear module is assumed to have a lower and upper
bond.
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- Local coordinate system.

1y — Cross=-sectional moment of inertia
- about the local Zu axis.

"~ .1y —Cross sectional m of i

~about the local ¥ axis.

A
Global coordinate system

Finite Element Model
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Evaluated the above reports in a letter dated 7th October
1975 and arrived at the following values for the dynamic

load factors:

Wave periods T (sec.)
2,16 4 6 8 11,2 14

§§$§§t§°9 7,89 1,89 1,12 1,12 1,17 1,23 (1,13)

For the fatigue calculations the number in bracket for

T = 14 sec. will be used.

For the strenght calculations a dynamic leocad factor of 1,23
is used for both T = 11,2 sec. and 14 sec.

The acceleration of the deck for various wave periods are
listed in /21/.
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3.5.4 Eatigue
a)  General approach
The fatigue life of the steel support frame are calcu-
lated using:
1) the stress range theory
2) the relationship between stress range and allowable
number cof cycles as given in the paper: "A reana-
lysis of fatigue data for welded joints in steel",
Welding Research International, vol. 3 1973, No. 4.
(proposal to new fatigue strength calculations in
B.S. 153-3B).
3) planned fatigue life = 20 years.
4) the cumulative damage ratio theory (Miners rule).
b) Procedure_for_the fatigqgue_strength calculations

1. The waves concidered:

The only loads which are assumed to contribute to the

stress range are the waveloads.

The stresses are calculated through the whole structure

for
a) the storm wave

(T = 14.0 sec. H = 29.0 m)
b) the operational wave

(T = 11.2 sec. H = 18.7 m)
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c) a wave with T = 10.0 sec., H= 12.0 m
d) the wave with period equal the first pericd of

reasonance (T = 2.92 sec., H = 0.65 m).x

For wave a) & b) stresses have heen calculated for
cfr. Fig. B.4.1: & = 0°, 60°, 90°, 120° and 180°.

For the other wave — conditions mentioned, stresses have

been calculated for § = 0° & § = 90°.

\6= 60° -5 S=120°
@
30" = - 8= 160°
=0 —
! C) |
6; o
6;&mo 6’3ﬂf’ \\\\ &% ‘

This wave has later been changed to:
T = 2.16 sec., H= 0.36 m.

We assume that the mirror - image of the wave attack
directions about x-axis, will give equal stresses in

elements laying symetrical about this axis.
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With basis in the storm wave the following 8 directions
will thus be considered:
s = 09, 60%, 90°, 120°, 130°, 240°, 270°, 300°.

In the present calculation we use maximum stress

multiplied by two as the actual stress-range.

All stress-ranges will be increased by the amplification-
factor corresponding to the actual wave-height (or
period). The relation~ship between wave height and period
can be found from Fig. and the formulae below.

Ha

-

10

)
x

S5m

A = wave length

We have from linear wave theory

X = 1.56 T2.
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natural
5 L] . v 108 N
1 Ni Ni+f Nnat

Resulting long term stress range distribution.

The Sr/log N-wave will be divided in stress blocks
with constant stress range.
Block No. i will contain a number of waves equal to

N;
i+l
to the period corresponding to the natural frequency

- Nl' For waves with periods equal to or close

the constant-stressblocks must be small enough to simu-
late the peak on the Gr/log N-curve.

The number of waves entering in each direction will be
found from the long term wave height distribution
and from the metrological report giving the probaility

of occurance in each direction.

The S-N curves in the paper:

"A re—analysis of fatigue data for welded joints in

steel" (Welding Research International wvel. 3, 1973,
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No. 4) give the ultimate number of cycles at a certain
stress range. The actual structural detail is to be
placed in one of the classes A-G in B.S. 153-3B., depend-
ing on the structural configuration, type of stress and
type of weld. The definitions of classes A-G and the
relevant S-N curves are enclosed.

The X~curve in A.W.5 D1-1-72 can be used when stresses

are found from a detail analysis (finite element method).

The actual number of cycles in one direction divided
on the ultimate number or cycles (n/N} at the actual
stress-range, gives the damage ratio. Firstly the ratio
n/N must be summed up for all stress blocks (all wave-
heights) and secondly for the 8 wave directions con-
sidered.
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The global analysis will not give actual stresses in gusset
plates, bulkheads etc. Fbr parts of the structure finite
element calculations are performed to find the actual stress
distribution. In these analyses the forces from the global
analyses will be used as the loading input.

Node 410 has been choosen as a typical node. A finite
element calculation of this node has been performed in order
to establish the general stress level and peak stress for
use in the fatigue analysis and facture mechanic evaluations.
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3.6 Design Calculations

3.6,1 Introduction

The selected framing and member sizes is based on a lot of
preliminary handcalculations and introductory computer

runs. The final design cales is based on 3-dimensional
structural computer analysis. Detail and local analysis is
performed and based on resulting forces and moments from the
3-D analysis.

For storm condition, the AISC allowable stresses is increased
by one third. This means that operating condition will govern
the design of the members if the stresses due to storm wave
and wind forces are less than 1/3 * 0.6 oy = 0.2 oy. Detailed
cales has shown that operational condition is govering.




Report No.:

Det norske Veritas Page No.:
Industrial and Offshore Division 44

P O28
B e
Q,me

3.6.2 Loads and Load Combinations

The following unit load cases are considered:

Note

ao = Dead weight

al = Live Load 1

alv = Live Load 1 incl. vertical comp. forces
az2 = Live Load 2

bl = Operaticnal wave 5= 0°

b2 = " " § = 60°

b3 = " " § = 90°

bd = " " § = 120°

bs = " " § = 180°

b6 = " " § = 240°

b7 = " " § = 270°

b8 = " " § = 300°

a1 = Storm Wind § = 0o°

d2 = " " § = 60°

a3 = " " § = 90°

a4 = " " § = 120°

a5 = " n § = 280°

a6 = " " § = 240°

a7 = n " § = 270°

as = " " § = 300°

el = Temperature + 30°¢

e2 = Horizontal compressor forces § = 0°
that:

The operating wind forces are obtained by multiplying
the storm wind forces by Vooper./vzstorm = 352/552 =

0!4050
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Based on the above unit load cases

Load case el is obtained by assuming a temperature

deviation of + 30O between the steel and the concrete

structur.

In load case atv the dynamic forces on the compressor

side are acting downward.

combinations have been generated:

All+
All~-
Al2+
Al2-
Al3+
Al3-
Al4d+
Al4-
Al5+
Al5-
Al6+
Al6-
Al7+
Al7-
Al8+
Al8-
A21+
A21-
A22+
A22-
A23+
A23-

X)

= a0
= al
= a0
= a0
= ag
= a
= a0
= a0
= al
= a0
= a0
= al
= ag
= a0
= al
= ai
= al
= a0
= al
= a0

= al

= a0

+ + + + + + + + o+ o+ F o+ o+ + o+

Dynamic

alv
alv
alv
alv
alv
alv
alv
alv
alv
alv
alv
alv
alv
alv
alv
alv
a2

a2

a2

az2

az2

a2

T T T T S S S S S S O T

1,23% b1
1,23 bl
1,23 b2
1,23 b2
1,23 b3
1,23 b3
1,23 b4
1,23 b4
1,23 b5
1,23 b5
1,23 b6
1,23 b6
1,23 b7
1,23 b7
1,23 b8
1,23 b8
1,23%p1
1,23 bl
1,23 b2
1,23 b2
1,23 b3
1,23 b3

+ + + 4+ + +F + o+ o+ 4+ o+ o+

lcad factor used

0,405
0,405
0,405
0,405
0,405
0,405
0,405
0,405
0,405
0,405
0,405
0,405
0,405
0,405
0,405
0,405
0,405
0,405
0,405
0,405
0,405
0,405

the following load

dl
dl
dz2
d2
d3
d3
d4
d4
ds
ds
dé
dé
a7
47
ds
ds
dl
dl
d2
dz2
d3
d3

el
el
el
el
el
el
el
el
el
el
el
el
el
el
el
el
el
el
el
el
el
el
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A24+ = a0 + a2 + 1,23 b4 + 0,405 d4 + el
A24~ = a0 + a2 + 1,23 b4 + 0,405 d4 - el
A25+ = a0 + a2 + 1,23 b5 + 0,405 d5 + el
A25- = a0 + a2 + 1,23 b5 + (0,405 45 - el
A26+ = a0 + a2 + 1,23 bt + 0,405 de + el
A26- = a0 + a2 + 1,23 b6 + 0,405 d6 - el
A27+ = a0 + a2 + 1,23 b7 + 0,405 47 + el
A27- = a0 + a2 + 1,23 b7 + 0,405 47 - el
A28+ = a0 + a2 + 1,23 b8 + 0,405 48 + el
A28- = a0 + a2 + 1,23 b8 4+ 0,405 48 - el
Hll+ = a0 + al + 1,23 bl + 0,405 41 + e2 el
Hll- = a0 + al + 1,23 bl + 0,405 4l + e2 el
H15+ = a0 + al + 1,23 b5 + 0,405 45 - el el
H15- = a0 + al + 1,23 b5 + 0,405 45 - e2 el
LOAD COMBINATION
No' Comb. No. Comb. No. Comb. No. Comb.
1 All+ 1l Ale+ 21 A23+ 31 AZ8+
2 All- 12 Ale- 22 A23- 32 A28~
3 Al2+ 13 Al7+ 23 A24+ 33 H1l+
4 Al2- 14 Al7- 24 A24- 34 H11l-
5 Al3+ 15 Al8+ 25 AZ25+ 35 H15+
6 Al3- 16 Al8- 26 A25- 36 H1l5-
7 Ald+ 17 A21+ 27 AZ6+
8 Al4- 18 A2l- 28 A26-
9 AlS+ 19 A22+ 29 A27+
10 aAls- 20 A22- 30 A27-
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3.6.3 Summary_of Load Effects

ot s e —— ———— — — ———— ] Y o

Beam element forces and stresses for all load combinations

are given in Part III K.E. design report.

The operating conditions will govern the design as the
stresses due to storm forces are less than 0,20.

The program prints the element forces and the stresses for

the ends ¢of every beam.
The highly stressed elements are checked manually.

Buckling are investigated seperately for members having

high compression stresses.

Drawing UC 3337 0449 20 1053 shows the stress levels for the
different members. The high stresses in the members adjacent

to shaft B6 should be noted.
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3.6.4 Check 0f stresses

a)

Truss Members.

Main Members and Wind Bracing.

Members subjected to both axial compression and bending
are proportioned to satisfy Section 1.6.1 of the AISC
Specification, /8/:

f C f
Fa + me bx < 1.0 (Formula 1l.6-la)
a a
(=) F
Fey by
£ £
a + by < 1.0 (Formula 1.6-1b)

Buckling is govern by 1.6 - la. In this formula the
bending stresses fb are amplified by the factor

Depending upon the shape of the moment diagram this
factor may overestimate the extend of the moment. To
take care of this condition the amplification factor is

modified by a reduction factor Cm'

As will be seen later, combined axial and bending
stresses will usually be limited by general yielding
rather than stability. This means that Formula 1.6-1b

would govern the design for most of the members.
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For webs and flanges in compression usage factors will -

be determined according to the DnV-rules /9/.

It is convenient in the calculation to refer to the beam
numbers and the node numbers in the computer ocutput.
For Details, see K.E. design report, chapter C4.

The following calculation contains a stress control of
the beams in the steel structure for latest known loads
on the deck. (per 15/8-77).

The loads used in the computer run are given on KE-dwgs.
1021J and 1022H.

The stresses has been listed out for 36 load-combina-
tions. If the beam stress exceeds 2200 kp/cm2 in the
most severe load case, the beam is picked ocut and a

more close investigation is made. (See page ).

List of members with stresses > 2200 kp/cm2 in operaticnal

condition

Beam no. Load comb. oaxia% 0’ max, n
kp/cm” kp/cm

115 34 1285 2159

117 33 1268 2195

119 12 1217 2111 0.99

121 3 1165 2272

202 7 509 2281

209 10 449 2279

253 14 1650 2359

255 7 506 2422

319 951 2250

321 945 2522

322 12 779 2258

353 2 437 2275
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Beam no. Load comb. 0<axia§ G max., n
kp/cm kp/cm
355 3 886 2375
359 36 - 953 2444
361 5 1021 2355
439 6 1051 2484
440 12 1033 - 2212
605 4 758 2762
653 1 1625 2269
705 36 727 2339
805 33 104 2370
875 34 1454 2256
906 8 304 3072
909 6 644 2795
910 14 749 2790
352 12 230 2372
974 33 350 2531
876 36 1683 2306
979 8 1624 2200
950 10 1215 2274
981 8 1445 2245
982 12 1660 2495

975 36 1517 2170
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The following members is exceeding the 0.660F criteria
in the operation phase, {(including high stressed mem-

bers) .

Beam Node H|
115 500 1.00
117 ' 500 1.02
121 700 1.04
253 730 . 1.06
255 800 1.00
321 706 1.02
355 207 1.01
359 407 1.00
653 21 1.00
875 501 1.06
909 704 1.00
975 701 1.11
979 705 1.01
981 706 1.10
982 756 1.06

As may be seen from the previocus pages, some of the
member stresses are exceeding l,GGUF in the operation
phase. For two of the members, i.e. beam 975 and 981,
the usage factors are 1,11 and 1,10 respectively.

It should be noted that the load combinations yielding
these usage factors, includes operational waves, dynamic
compressor forces and temperature forces, i.e. a rare

event.

The same member have in the storm phase the following

stresses:

_ 2
Beam 975 Onax = 2383 kp/cm2
Beam 981 Cmax - 2500 kp/cm
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These stresses are far below the permissible stresses
for the storm condition
(0,80, = 2720 kp/cm?) .
The structure are therefore considered safe from a
strength point of view.
b) Nodes

The design of the node may be subdivided into the

following

i) Gusset plates

The control of the capasity of.the gusset plates are

devided in five sections:

SECTION 1:
Axial force capasity of the gusset plates at cross

section A-A, see Figure, compared with the axial force
capasity of the diagonals and verticals. Here is also

calculated the necessary height of the gusset plates.

SECTION 2:
Axial force capasity and bending moment capasity at

cross section B~B compared with the axial force and

bending moment capasity of the diagonal and the chord.
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SECTION 3:

Control of shear force capasity at cross section C-C.

SECTION 4:
Data from a finite element analysis of node 410 in

Truss Row A.

SECTION 5:
A refined capasity check for some typical nodes, i.e.
node no. 410, 430, 710 and 600.

All the above evaluation have been carried out with
resulting stresses well below the set criteria.
For detail calciilation. See K-~E, chapter C 4.2.1.
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ii) Crossing Flanges
The following corssing flange have been investi-
gated.
o~ o~
2 3
o
S (8) X
r~ o
on N
—
- o @ _
= = ]

551
) 3))
151
JW
501

95
94

4717
427

451
657
401

—

MAIN DECK LUpper hodes).
8 Aclwcal <adtela e ;460/6_5'

251
&
r4
!202)
201

92
91

17

167

SWAY BRACING

101

15
157
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The design of the rings, connecting the steel deck to the
top of concrete shafts, is mainly based on the output of
forces and stresses from the global overall analysis of the
steel deck and concrete shafts. The verification of stresses
in welds and basis materials is subdevided in 3 parts; the
stresses in boxsections, bulkheads and bottomplates. Due to
the symmetrical properties of the structure, only ring Fé
and D3 are investigated. A typical ring configuration is
shown on K.F. drawings in appendix 3 -

VvC 3337 0449 20 0702

VC 3337 0449 20 0704

VC 3337 0449 20 0708

Stresses in boxsecticn.

At the points B and E the XK-welds ref. fig. 3.6 a) and b),
are generally not fully penetrated, and here the welds are
seperately checked. For the rest there is made no distinction
between fully penetration X-welds and basis materials. The
shear stresses (gew) in the K~welds and the von-mises
stresses oge in basis material are calculated in accordance

with well recognized formulas:

t and a is thickness of web and weld T = shear stress from

output ¢f global analysis.
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2

de = 0x2 + gy~ - ox * oy + 3121

OxXx = horisontal normal stress at B, C, D, E.

0y2 = yvertical normal stress at &, C, D, E.

The stresses 0x, oy and T is calculated from the output of
global analysis, and oy # 0 only at nodes where vertical
forces are introduced in the rings by beams from the deck.
Load cased All, Al2 and Al3 all governing, and a rather
comprehensive documentation has been given of the stresses.

The shear stresses of the K-welds are not to exceed

- . - 2
T =573 op = 648 kp/cm”.

At the nodes 752 and 1512 of ring F6 and the nodes 1302 and
1328 ©of ring D3 the K-welds are made fully penetrated at
locations E and B in order not to exceed the above limit.
As regards the von-misgses stresses ce in basis material, the
webplates of node 752 and 552 is increased from 40 to 50 mm
in order to keep the ce lower than 0,66 Op-
The von-mises stress of one half or each of the rings F6 and
D3 are shown in Fig. 3.6 a) and Fig. 3.6 b}.

Stresses_in_bulkheads.

In the calculation of the vertical bulkheads of the ring,
the conservative assumption is made that the bulkheads are
to transfer the total shearforce at the sections where the
bulkheads are situated. As the bulkheads are designed with a
manhole in the middle, a separat finite element analysis of
the bulkheads has been performed in order tc determine the
stress consentrations. In this way the largest von-mises
stress in base material found is 190% kp/cm2 < 0,686 GF and
the largest stress in weld at bulkhead is 706 kp/cm2 <

0,66 Op+




Report No.:

Det nOl“Ske Veritas Page No.:
dustrial and Offshore Division 58

5

The calculation os stresses in bottomplates is devided in
two cases, stresses due to maximum compressive and due to
maximum tensile forces in the webplates of the ring.

The stresses in the bottomplate due to max imum compressive
force in the webplate are calculated by a separate finite
element analysis which takes into account the webforce, the
prestressed force of the Dywidag bar anchored at the top

of the bottomplate, and the concrete shaft on which the
bottomplate is situated. The stresses obtained by this ana-
lysis are then added to the global stresses due to bending
moments and axial forces of the ring. DnV made more detailed
finite element analysis of a radial section of bottomplate
and top of concrete shaft and from the DnV-analysis of
bottomplate and top of concrete shaft, and from the DnV-

analysis somewhat lower stresses were obtained.

The results of the K.E. detail calculatioﬁ of bottomplate are
given in Figures 3.6 c) d), which indicate that-there are
moderate stresses in the bottomplate due to maximum compres-

sive force in the webplate.

The calculation of stresses in bottomplate due to maximum
tensile force in webplate has been separated in two different
conditions - stiffened and unstiffened bottomplate. The
maximums tensile force pr. unit length of the webs has been
found from the output of global stress analysis. Combining
this for tensileforce with the axial force and bending

moments of the ring the maximums stresses are found.
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The most severe stressed area is located as shown on Fig.
3.6 d) and the maximum stresses are found to be 2919 kp/cm2
in storm condition and 2120 in operational condition feor
ring D3. the corresponding maximum stresses of ring F6, B6
are 2911 kp/cm® and 2087 kp/cm® respectively.
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The general control is based on DnV-Rules /9/ section 4,
C300 and appendix 2A, B and C.

Klippel/Scheer: Beulwerte ausgesteifter Rechteckplatten /14/
and P.S. Bulson: The stability of flat plates /13/ are used
to complement the above mentioned Rule.

Member forces and stresses are taken from the computer

outputs.

The buckling control for operational condition is based on
K.E.~drawing.

UC 3337 - 0449 - 20 - 1021F

and

UC 3337 - 0449 - 20 - 1022E.

Consentrated loads from modules/pancakes seating have been

taken into account in the evaluation.

Longitudinally buckling stiffeners UNP300 has been applied

to the following members (web) in order to meet the set

criteria:

members: 103 - 104 - 105 - 106 - 107 - 108 - 109 - 110 -
111 - 112 - 123 - 124 - 125 - 126 - 311 - 312 -
313 - 314 - 323 - 324 - 325 - 32e6.

The resulting buckling stresses are within the set criteria -

(Dnv-Rules =-74}.
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3.6.7 Design of Welded connection

Calculation of necessary weld for beam elements, nodes and
wip are based on the computer outputs - element forces and
moments. A septematic node of the member forces has been
carried out, the actual equivalent stresses in the weld
calculated and compared with the criteria set in DnV -74
Rules. The stresses is howhere exceeded.

For further details, see K.E. design report C.6.1, C.6.2,
C.6.3.

The procedure for fatigue calculations is outlined in chapter
3.5.4 above, and the following may be added on the general
wave statistic used.

It is assumed a semi-log linear relation between the wave
heights and the number of times of exceedance.

The dynamic analysis has been performed for six different
waveperiods, the following T = 2.16 8, 4.0, 6.0, 8.0, 11.3,
14.80.

In table 1 is shown the relation-ship between waveperiods

and waveheights.

The 100 year wave, for which the majority of the static
computer analysis is performed, as the basis for further

fatigue calculations:
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Table 1:
Tp H A A/H loglo 1og10 1oglo TR DAFc HDAFC
Ng - Gloo 20

2.16 0.36 7.3 20.3 0.108 8.592 7.892 8.1 sek 7.89 2.89
4.0 1.25 25.0 20.0 0.375 8.325 7.625 14.9 sek 1.89 2.36
6.0 2.81 56.0 19.9 0.843 7.857 7.157 43.8 s 1.23 3.15
8.0 5.0 100.0 20.0 1.500 7.200 6.500 3m 19s 1.12 5.60
11.2 18.7 210.9 il.3 5.610 3.090 2.320 29.7 day 1l.17 21.9
14.0 29.0 321.4 11.1 8.700 (@.000 0.700 100 yr. 1.3 32.8

Taking into account, dynamic amplification factor, probability
of occurance of waves from different directions, and based

on the general conservative design assumption, the following
relationship resumé may be presented for the usage factors

for different stress ranges {corresponding to 100 ya. prob.

level} and fatigue curve G.

or n or n

400 0.004 1600 4.01
600 0.05 1700 4.93
800 0.28 1800 5.78
1000 0.52 1900 6.78
1040 0.59 2000 7.85
1200 1.25 2100 9.03
1300 1.62 2200 10.29
1400 2.42 2400 13.21
1500 3.23 2600 16.64
i) Fatigue cale and evaluation of the Truss Members.

The more critical fatigue area for the members are
at the ends of the gurset plate.

A F.E. calculation of a typical node i.e. node 410
has been performed.

A stress consentration factor (ScF) at the end of

gusset plate of order 1.3-1.4 has been evaluated.
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B o= Y70

The following elements have n > 1.0 when using fatigue curve
G and SCF > 1.30.

Elno Ng Elno e Elno e
54 0.23 423 1.89 879 1.73
55 0.31 424 1.89 880 1.47
56 0.20 775 1.30 881 0.74
57 0.25 776 1.31 882 0.76

307 0.88 809 3.86 909 2.06

308 0.92 810 3.59 910 1.82

309 1.02 855 0.52 977 0.96

411 0.97 875 1.18 979 1.55

412 0.98 876 1.08 980 1.64
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ii)

The structural detail considered on the elements -« end
of gusset plate - may be classified according to SN-
curve F.

I.e. elements do have design life > 20 years when

e < 2.50.

By a detail investigation into the members 809/810 and
909/910, taking into account the actual bending moment
distribution at the gusset end, the following usage
factors may be derived at

member Ng
809 1.62
810 1.40
309 0,70

910 0.63
i.e. They are all satisfied n, < 2.30.
The SN-curve used theory:

SN-curve F: log N, = 14.82 - 4.0 log or (kp/cmz)

F
" “ G: log Ny = 14.42 - 3.0 log o (" ")
14.22 - 3.0 log o (" ")

”n % n »
j W: log NW

it

The more critical welds in the elements are checked
using SN-curve W.
No critical weld has been found.

Fatigue Analysis of steel Support Rings.

A similar procedure as for the mode and members is
adapted also for the analyse of the ringnodes.

The fatigque strength is well below the set criteria,
ref. 3.5.4.
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This include design of

a) Pancake Supports and External Contition Beams.
b) Bridge landing.

c) Structural Deck.

da) Bulkheads.

Re. a) Pancake Supports and External Condition Beams.
This has been designed, based on K.E. drawings of
load data.

Where impact factor of 2 have been included in the

"setting down” condition.

b) Bridge landing.
A separate computer analysis has been performed.
Reaction forces and moments is given by the Dermott
Hudson, a detail study is presented in K.E. Design
report chapter C 10. The stresses are found well below

the set design criteria.

c) Design of Structural Deck.
The design of deck‘has been performed based on a
consentrated locad from truck = 2.5 T and a uniform
load of 1.8 T/mz. Reference are also made to Conference
Note from McDH 29th April 1975. The design criteria
.is not violated in the design of structural deck.
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d) Bulkheads.

The bulkheads are devided into
-follows types:

1 The bulkhead of contiliver -
see Design of pancake support.

2 The external bulkhead of node.

3 The external bulkhead of node

with contieiver.

4 The external bulkhead of cross
node.
5 The external bulkhead connected

to lateral bracing.
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A systematic study of the different bulkheads has been
performed. Unit respons of bulkheads have been evaluated
based on a2 finite element analysis. Forces and moments from
the Stardyne global analysis have been extracted and

stresses in bulkheads derived from unit loads scaled according
te actual forces/moments.

The stresses derived at were within the set criteria.




Det norske Veritas Page No.
Industrial and Offshore Division 68

Report No.:

This may be subdivided into the following phases.

a) Deck supported on one Barge.

This include two separate transport.

i) Transport from Dunkrik to Cherbourg of part of the
structure (approx 3000 tons).
This transport tock place on "Vikbarge".
Interaction between barge and deck when evaluated
and taken into acocunt with the design of sea-

fastening.

ii) Transport from Cherbourg to Andalsnes.
This transport was performed by "Seapontoon IV".
Approximate weight deck during this transport
= 4800 tons.
The loading on top of supports during sea transport
is shown on K.E. drawing.
UC 3337 0449 20 SK-069 B.

The load combinations
1) sagging /hogging and pitch
2) heave and roll.

The interaction and hence reaction forces during
transport were derived at by a motion respons analysis
and with the criteria as given in 3.4.2 c).

The design revealed no coverstressing during this

transport.
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b) Deck supported on two barges.

The deck were transported from Seapontoon IV to the

two barges Norbarge I & II at Andalsnes before deck
mating. The strength of the deck structure were checked
when supported on two barges. Total weight of deck at
deck mating were of the order 8600 tons.

The seafastening were checked to with stand a horizental

acceleration of 0.1 g when deck supported on two barges
at Andalsnes.
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4.0 FABRICATION RESUME

4.1 General

Shop fabrication, assembleying and construction of the various

parts of the support frame have been based on:

a) E1lf Norge's Fabrication Specification 1052-No. 3/155
Rev. 2/JPS of Febr. 1974.

b) Minutes of meeting E1f, DnV and Norwegian Contractors
at Elf-Norge, Paris office 4.11.75.

These documents list accepted reference codes/standards, rules
and technical notes and gives detailed guidance and reguire-
ments to preparation of structural members, materials,

fabrication, tolerances, welding, inspection etc.

Welding has in general been based on AWS D.1.1-1972 "Structu-

ral welding code" with following supplementary requirements:

- Qualification of welding procedures in accordance with
DnvV's Technical Note Cl/2 (1976) with additional impact
testing of root region of heavy section joints. Butt-
welds and T-joints were required qualified separately.
In PWHT condition the test temperature for impact
testing were redused to -20°C based on COD evaluation.

- Qualification of welders in accordance with DnV's
Technical Note Cl1/3 (1976) with additional performance
plate test in 2G-position.

- Fracture mechanics testing of welded joints in accordance
with British Standard DD19-1972 "Crack opening displace-

ment tests" using a testing temperature of -10°¢c.
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The fabrication of the SSF can be split up as follows:

1. Prefabrication of nodes and members.

2. Assembly of nodes and members into sections.
3. Assembly of sections into parts.

4. Assembly of parts into SSF.

The fabrication of nodes, elements and sections was separated
into 3 major portions of the deck with the following de-

signation and fabrication responsibility.

WHITE PART AMV Joint Venture
RED PART cMP AMV/CMP
GREEN PART CMP

The Red part, inclﬁding Central Square of White part, was
assembled by CMP at Mardyck and transported on one barge to
the UIE yard at Cherbourg.

Remainding White part, together with Green part, was shipped
as nodes/elements and sections from fabrication sites in
Norway and France respectively to Cherbourg for the final
assembly.

The responsibility for these transportations has rested with
the Joint Venture AMV/CMP.

Final assembly at UIE's yard in Cherbourg has been performed
under the responsibility of CMP whilst UIE had as its
responsibility all loading, positiéning and transportation
within the yard area in Cherbourg, fncluding the load-out

of the completed support frame into the transportation barge.
The different parts are shown in Appendix 4, Fig. 4.1 a) b)

and c).
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4.1.3

Phase I Nov. 1975 - June l1lst., 1976.

MAIN CONTRACTOR
NC

Management Group Oslo

Control groups at each fabrication
site

SUBCONTRACTOR
AMV

Stord

OWN PRODUCTD — SUBCONTRACTED

8TORD VERFT TANGEN VERFT

c.Mm.P.
dunkirque
scope: 2.044 scope: 172 ¢+ scope : 953 ¢
prod. : 500 ¢ prod. : . 28 ¢ prod. : 300 ¢
nodes’

ring D3, B6 F6




MAIN CONTRACTOR
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NC -
PROJECT MANAGEMENT: osLo A
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SUBCONTRACTORS SUBCONT RACTORS -
AMV/CMBP cmp uIe - .
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WHITE PART  Land 2.priority 1l 7 - o
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RED PART n 1.579 |- 4% 107 13§ 3
GREEN PART 2 ‘ L e 115 1o 28 o 05
ASSEMBLY TO SECTIONS and PARTS » i u:in
WHITE PART 1 priarity 2 g .
RED PRRT i) 142 prioe. Whits Part i 2658 =t ine) —1 _ 708 s = °
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) Sections and single item elements
<
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PRODUCTION SITES
1 AMV STORD VERFT (S5V)
AMV TANGEN VERFT (TV)
CMP, Petit Synthe
CMP, Mardyck
JULIN
SOCOMET Le Trait
FE Ranville
UIE
ACB
CMP
MUNCH
CMM
Andalsnes

WO~ A W b W

—
o

.—l
I_l

CHERBOURG

-
w o

NANTES
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4.1.5 Main Transport Phases

The following main transports were carried out successfully.

Transport
Type of vessel
t
From To of weight Name/Dimension/Cap Pariod Reap.
STORD MARDYCK PREFAD NODES 2900 SUPPLY SHIP JAN & AMY
AND ELLEMENTS JURE 7§
SURPLYS MAT-
ERIAL FOR RED
& GREEN PART
STORD MARDYCK 1 8 2 PRI-
ORITY OF
WHITE PART 160 SUPPLY SHIP QCT 16 AMV
SOCOMET LE TRAIT | MARDYCK PART OF RED
PART 208 BARGE: ‘Abeille 601* oCT 76 CMP
60 mxl9mx4,5m
3300 TONS
TUG: Abcllle 15§
3500 (np
RANVILLE . CHERBOUMG | GREEN PART 423 CARCO BHIP NOV/DEC | JULIN
BECTICN & 76
ELEMENTS
KARDYCEK CHERBOURG RED PART INCL 1694 BARGE: "Vikbarge" JAN 77 onp
1 & 2 PRIOR- 914mx27.4mx
ITY OF WHITE 6.1 m
PART 9400 TOMS
TUG ‘Abeille 30°
. 3000 iHP
CHERBOCRG ANDALSNZS COMPLETED 5000 BARGE: “Soepantoon 4% | MARCH 77| NC
S5F INCL. 1ld4mx30mx6.1m
1500 T of TUG: “"Musketar Fury”
EQUIPMENT “Musketer
Fighter*®
2 x 8000 1KP
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4,2 Inspection/Quality controll.

The basis for DnV's inspection at the 13 different production
vards for the Steel Support Frame, has been the Yard, the
0il company and Contractors own Quality controll Organization.

A contious effort in assuring that the yards, oilcompany and
contractors QCO has been working satisfactory, were emphezised
throughout the production.

All the fabrication and inspection performed were essentially
based on the criteria laid down in the material and fabri-
cation specifications pertinent to the project -~ see chapter
4.1.1 above.

DnV surveyors attended the fabrication at all the yards
involved. On the main assembly yards - in Stord and Dunkirk -
as well as at U.I.E. Cherbourgh and during deck mounting at
Andalsnes. DnV followed the work continuously by surveyors
specifically assigned to the project. On the other yards
performing prefabrication of structural components, DnV's
surveyors attended the fabrication to such an extent as found

necessary in each specific case.

Welding has been performed with the manual metal arc and the
submerged arc welding processes only. Welding consumables
have been of low hydrogen type.

Welding procedure tests were performed at each fabricator in
question. Fracture mechanics testing ¢f procedure welds were
restricted to the main contractors, Stord Verft and CMP, while
subcontractors were required to perform conventional procedure
tests using welding consumables previously selected based on

the fracture mechanics tests.
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Design of welded connections, joints and splices and fabri-
cation tolerances: AWS D1,1~72 and AISC "8teel construction

manuals",

Post weld heat treatment was carried ocut in general for all
joint thicknesses 50 mm and above with excemption for splice
welds of 50 mm thickness when the maximum tensile stress was
less than 1000 kg/cmz. Heat treatment was carried out at
temperature 550-6000C/1 hr per 25 mm with contrclled heating
and cooling as per ASME VIII for furnace treatment. Local
pwht of field and splice welds was performed by electric
heating for a width min 2-3 times thickness either side of
the weld with temperature difference at line of symmetries
kept within appr. 30% during the heat treatment cyclus.

Non-destructive testing consisted of visual examination and
either radiographic, ultrasonic or magnetic particle testing
depending on the joint in question and the most suitable
method to detect, locate and assess probable weld defects.

The initial inspectiocon was 100% (full length} and then relaxed
to the following level when gquality level found satisfactory:

See Appendix 4.

Non-destructive examination was generally based on the
fabrication code AWS D.l1.-1-72. except that ultrasonic
testing was changed to follow ASME pressure and Vessel Code
Sec. VIII since former code is not suited to inspection of

T-joints and heavy section welds.

Fach finished section and complete assembly was regularly

dimensional checked.

Production test welds were not performed.
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It was generally concluded from the surveys carried out that.
the quality control systems worked satisfactory and that
fabrication and assembly work was carried out under proper
supervision and in accordance with relevant specifications,
procedures and drawings. The gquality of the work was found

to be satisfactory and the extent of NDT inspection was found
to be in compliance with that set forth DnV carried out spot
checks of the NDT inspection performed by others. These

spot checks were carried out by DnV's own NDT personell.

Some of the defects discovered were found in complicated
structural components involving great thicknesses, high heat

input and large residual stresses.

The relevant members and jcints were, as mentioned above,
subjected to rigorous NDT inspection and grinding as well as
furnace post weld heat treatment where possible, otherwise
pwht only local. In addition to the testing specified in the
fabrication specification, also COD testing was adopted for
approval-of the welding procedures pertinent to these heavy

thicknesses.

Geometrical measurements were also conducted on the structure

overall as well as on individual components and members.

Material marking and logistics routines were also found to

be satisfactory.

ELF in cooperation with the main contractor and yards kept

control of the materials until finally placed in the struc-

ture.

From the records taken it is possible to trace the material
certificates for each primary structural component in the

Support Frame.
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A copy of the documents produced for this purpose was

handed over to the DnV surveyors in Cherbourg,

Julin and Stord upon completion of the work a complete file
of all records, drawings, certificates etc. pertinent to the
platform is kept as indicated in Chapter 6.0. This file shall
be available to the Authorities involved.

The locad-out operations and installation of tie-downs for the
Deck Support Frame were attended and surveyed by DnV and
found to be in compliance with appropriate and accepted proce-

dures and drawings.

DnV head ocffice personell involved in project coordination
and design review visited the main fabrication yards at
several occations in order to ensure a proper flow of in-
formation between the parties involved and in corder to
ascertain that the design intentions were properly taken into
account during fabrication and inspection. Drawings showing
the most critical areas and joints were supplied to the local
DnV surveyors in order that they could consentrate on the
most important areas and joints and thereby ascertain that
they were adequately taken care of during fabrication and

inspection.

The final reports from DnV's inspection at the main yards -
in Stord, Cherbourg/Dunkirk, Julin and Andalsnes -~ are
attached in Appendix 7 to this report.
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4.3 Brittle Practure and postweld heat treatment

The support frame is a welded truss structure with plate
thicknesses up to 100 mm. In order to assess the risk of
brittle fracture in the heavy section welds, it was at an
early stage decided to perform fracture mechanics tests using
the COD-technique {(Crack Opening Displacement tests). Such
tests have been carried for joint thicknesses 100 mm - 80 mm -
60 mm - 50 mm the smaler Jjoint to determine whether adequate
toughness could be achieved without post weld heat treatment.

Sample joints for COD-testing were produced at both Stord
Verft and CMP following the welding procedure specifications
established for production welding.

The feollowing main parameters were evaluated:
a) Welding consumables
b) Effect of post weld heat treatment
c) Position of notch.

The COD-tests were performed at -10°C which was considered
to be the lowest probable air temperature at the Frigg field.
The tests were carried out at the Laboratories of DnV in
Oslo and at Institute de La Soudure, Paris in the presence
of DnV, NC and Elf represntatives. For each serie and
condition at least 3, test sperimens were performed, and the
lowest COD-value, Gc’ was used to calculate the defect tole-

rance parameter, amax'
Table 1 (Appendix 4) summarizes the results otbained for the
various conditions tested: All together 25 test series were

rin.
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The defect tolerance parameter have heen calculated as

follows:
a = 8¢
max =
2 we (—— - 0.25)
Yw eyw
where ¢ = total applied strain = © esidual T Cexternal
Eyw = local yield strain at region of notch.

The external applied strain were evaluated from finite
element analysis resulting in a local stress of max. 1.2 on
the yield stress.

Selection of welding procedures aimed at conditions at which
a defect toleranse parameter of 12 mm or more would be
obtained. This value was specified to give confidence that
brittle failure would not initiate from weld defects missed
during standard techniques of non-destructive testing or
which could potentially grow to critical size because of
fatigue. A smaller defect tolerance than 12 mm was only
accepted subject to improved non-destructive testing technigueg
and evaluation of stress levels for the joints in question.

Based on these tests the following conclusion was made:

- For full penetration welded joints of thickness 60 - 80
10 mm post weld heat treatment was required to achieve
acceptable resistance to initiation of brittle fracture.

- Full penetration weld joint of 50 mm. Provided the
welds were ground smoth to facilitate a more detailed
N.D.T. testing, the nodal joints having a nominal
stress level of less than 1000 kp/cmz, or joints dis-
placed 1 m from critical node regions, with nominal
stress level less than 1500 kp/cmz, did not require
post weld heat treatment in order to achieve acceptable

resistance to brittle fracture.
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- For welded joints of 50 mm thickness but stressed in

compression, pwht would be waived.

The following welding consumables were selected for welding

of the heavy section joints:

s Manual metal Submerged
Condition arc welding are welding
PWHT Fortrex 8018 C1 Commercy SP 1500/880
OK 73.68 SD3/0PTT 41
As welded Fortrex 8018-Cl -
(50 mm fiel
joints)

The resulting nodes and field joints which where stress
relieved are shown on the following drawings, enclosed in
Appendix 4.:

UC 3337 044% 20 1071 Rev. A

UC 3337 0449 20 1072 Rev. A.




Table 1: Fracture mechanics tests - TCP-2
Welding Joint Specimen Testing Cond. Position COD Fabricator Report
consumable details Temp. As welded of §c x ref.
Brand Groove Pos. Size Steel c /PWHT notch {(Wells) (Pop-in’) Date
OK 73.68 K-groove 100 x 100 Weld metal 0.043§ - 0.104
36 SHSS 40 0.053 - 0.048
~10% As welded 0.23 - 1.39 3tz;i DnVv
HAZ 1.47 -> 1.54 ©
- 1.60 January 571674/1
1976
Weld metal 0.14 - 0.31 -
-10°%C  PWHT Q.57
HAZ 0.72 - 1.98 -
> 2.2
OK 48,15 K~groove 100 x 100 Weld metal 0.064 - 0.241 CMP-Arles
36 SHSS 40 o _ -0.383
-l10°C PWHT HAZ, 0.377 - 0.365
~-0.707
Fortrex K-groove 50 x 50 o As welded wWeld metal 1.03-0.046-0.35 CMP- Institute
8018-Cl1 3G SHSS 40 -10°¢C Dunkirk de la
PWHT Weld metal 0.32-1.50-0.56 May 1976 Saldene no. 5896
Phillips K-groove 100 x 100 -10°c  PWHT Weld metal 0.435 - 0.466 CMP - I.S.
3G SHSS 40 -0.367 Dunkirk 6111
HAZ 2.05-0.64-1.72
Commerxcy o '
SP 1500/ K-groove 100 x 100 -10 C PWHT Weld metal 2.14 - 2.25 CMP 1
1G SHSS 40 -2.29 Dunkirk
Flux Linoln HAZ 0.76 - 0.94 Okt. 1976
880




Welding Joint Specimen Testing Cond. Position COD Fabricator Report
consumable details Temp. As welded of Sc x ref.
Brand Groove Pos. Size Steel o /PWHT notch (Wells) (Pop-in") Date
Fortrex K-groove 60 x 60 -10°¢c As weldéd Weld metal 0.54 Stord Verft DnvV 571674/2
8018C1 3G SHSS 40 0.20
1.12 Febr. 1976
0.21
Fortrex X-groove 60 x 60 -10°c As welded Weld metal 0.88 Stord Verft DnV 571674/2
8018cC1 3G 0.29
0.16 Febr. 1976
0.087
Fortrex K~groove 50 x 50 o As welded  Weld metal 0.04* - 0.15 Stord Verft Dnv 571674/3
golecl 36 SHSS 40 ~107C pupr Weld metal 0.84-0.87-1.20  Febr. 1976
Fortrex K-groove 60 x 60 o As welded Weld metal 0.17-0.196-0.51 Stord Vverft DnV 572040/1
goiscl 3G SHSS 40 -10°C by Weld metal 0.33-1.44-1.45  April 1976
Fortrex K-groove 80 x 80 Az welded Weld metal 0.098 - 0.079x Stord Verft bnv 572040/1
8018C1 3G SHSS 40 ) 0, -0.14
PWHT Weld metal 0.05->2.05-1.28 April 1976
Fortrex K~-groove 100 x 200 o As welded  Weld metal 0.376-0.056 Institute I.s
Murex 3G SHSS 40 -10 ¢ 0.1l64 de la 5908
‘ Soudure
" Jan. 1976
Oerlikon K-groaove 100 x 200 o, Bs welded Weld metal 0.035 - 0.10 Institute de I.S.
Tenacito 3G SHSS 40 -10°¢C -0.074 la Soudure 5908
70B Jan. 1976
Esab K-groove 80 x 160 o Ag welded Weld metal 0.118 -x0'064 Institute de I.S.
OK FU 3G SHSS 40 10°¢C ~—<<6.06 la Soudure 5908
SD3 X~groove 80 x 80 As welded Weld metal >1.8 - 0.88- Stord Verft  DnV report
wire/TT41 1G SHSS 40 ~16%¢ 0.35 76-313
PWHT Weld metal >1.8->1.8->1.8 July 1976
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a)

b)

Regairs

Ring nodes 208/258.

Repeated cracking in the weld connections of node
208/258 (produced at CMP, Petite Synthe} were observed
after stress relieving. The crack were located in the
weld metal, below the surface, and with length up to 800
mm. A detail discription of the cracking is given in
telex d.d. 23/6/76 no. 4692. (Appendix 4).

The major repairs in nodes 208 and 258 were welded with
Fortrex electrode 8018-Cl without further PWHT.

The ultrasonic control was carried out using 4 mHz 45°,
60° and 70° probes type MWB and a 4 mHz normal probe
type ME4S.

The examination was carried out from both the outside
and inside faces of the plate material and the repairs
were found to be acceptable, only a few widely scattered

minor inclusions being found.

Ring nodes 408/458.

Cracking in the weld éonnections of node 408/458 (pro-
duced at CMP, Mordyck) were discovered after PWHT.
Crack lengths 30 mm, and depth 20 mm to 30 mm from
outside also defect 700 mm at a max. depth of 17 mm
were recorded. The repairs were welded with Fortrex
electrode 8018-Cl without further PWHT.

The ultrasonic control was carried out using 4 mHz 450,
60° and 70° probes type MWB and a 4 mHz normal probe
type MB4S.
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The examination was carried out from both the outside
and inside faces of the plate material and the repairs
were found to be acceptable, only a few widely scattered
minor inclusions being found.

c) Deflection after jacking at node 156 and 106.
After jacking at Cherhourg yard, several indents at
lower flange truss row C and E at node area 106 and
156 were revealed. Depths up to 29 mm were recorded.
(See UIE sketch Appendix 4).
The indents where compensated by doubling plates.
Official drawings of doubling plates are not yet issued.

d) Overheating of node 755.
During straigtening operations, the node 755 were re-
corded overheated.
A metallographic examination of heat-affected material
of the node were carried out, concluding that surface
material 2 - 2.5 mm depth were to be ground.
For detail - see DnV-report no. 15 1292/76.

e) Deformed upper chord.

Deformation of web plate of upper chard where recorded

after module 01 placing.

Weld between member 160 and node 451, both sides in the
box are deformed up to 25 mm laterally.
At the presant state, the indents are judged to have

little influence on the capacity.
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£) Deformed lower chord.

Some buckling of webs in the bottom chord was observed
in areas a + 3 mand g - 3 m in line 5 and 7.

The buckling were reinforced by extra longitudinal
stiffeners as shown on K.E. drawing

UC 3337 0445 0990 0.
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5.0 INSTALLATION

5.1 Steel support frame (5.5.F.)

The steel support frame was succesfully installed from the
two barges (Norbarge I & IV} onto the concrete shafts in the
fjord of Andalsnes in spring 1977. The deck was fixed to the
concrete colums by means of 427 posttentioned anchor/bolts
(Dyvidag) . The average bolt hole deviation at mating was 1.8
cm with a max. of 3 cm, well below tolerances.

The deck mating was carried out according to predetermined

procedure issued by NC/H.E.

Deck weight at arrival Andalsnes 4812 tons
Of this steel weight S.S.F 3443 tons.
Deck weight before deck mating: 8643 tons.

The net weight of module/equipment at arrival Andalsnes and
at deck mating is given on K.E. drawings:

UC 3337 0449 20 106l C

UC 3337 0449 20 1062 D

UC 3337 0449 20 1063 D

UC 3337 0449 20 1064 C.
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5.2 Modules

The following modules/pancakes and equipment were installed
on the §.5.F at Andalsnes under the surveilance of DnV and

according to predetermined procedures.

pancake 62 + 10 cabins
lst rb 150 {(winch)

manitowoc

mod 42

mod 43

mod 67

mod 64

mod 68 (without helideck)
psf 1

pancake 05

psft 2

pancake 08
pancake 09
pancake 13
pancake 12
pancake 11
mod 41

2nd rb 150 (on 41)
helideck
captain bridge
module 02
mcedule 01
module 03

metering module 02
metering module 03
module 74

102
60

190

300

80
270
204
550
310
290
110
370
350
130

30

37
100

80
155

70

(in tons)




Report No.:

qdeﬁ Det nOI’Ske Vel’itaS Page No.:

o
A5 1ndustrial and Offshore Division ot
o P

miscellanecus equipments:

mooring winches 30 t
mooring platforms ' 100 ¢t
syminex platform 20 t
norcon lower pack on 41 10 t
3 emergency shut down valves 35 t
5 life boats 20 t

Module 04 were installed ocffshore, summer 1577.
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5.3 Bridge between TCP2 - TPl

The bridge was succesfully installed at location, Frigg Field.

Total weight at installation - 577 tons.
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6.0 DESIGN DOCUMENTATION

A comprehensive design report for the steel support frame has
been issued by the main contractor - Norwegian Contractors.
This report contain all relevant information conserning the
design of the steel support frame, and is divided into the
following main part.

Part T - Containing design premises and design approach.
(One Volume)

Part II = Design calculations.
(Eight Volumes)

Part III - Computer outputs.
(Six Volumes)

In additicnal, a Summary Report is issued by NC.
The full design documentation has been sent directly to N.P.D.
A detailed list of contact of the contractors design report

is enclosed in the Appendix 6.

A list of different documentation issued and filed in connec-
tion with S.S.F. is given below.

DOCUMENTATION LISTING

Document Pre. Dated Filed
by

SPECIFICATIONS

- ELF DEP 1052~No. 5-720 ELF 241075 ELF/NC

"Minutes of meeting,
NORCO-DnV-ELF"

- TLF DEP 1052 No., 3-155, Rev. 2 ELF FEB 74 ELF/NC
"Fabrication Specification"”

- ELF DEP 1052 No. 5-302, Rev. 0 ELF MAY 75 ELF/NC
"Plate Material Specific.n"
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Document Prep. Dated Filed .
by
— ELF DEP 1052 No. 5-498, Rev. 1 ELF oCcT 75 ELF/NC
"Coating System for Steel
Structure of Phase 2"
- ELF DEP 1052 No. 3-169%, Rev. 1 ELF MAR 74 ELF/NC
"Painting Specification
for Steel Structures"
JOB COMPLETION FILE, AKER MAY 77 CMP
FABRICATION CMP
UIE
DESIGN REPORT KE AUG 77 KE
Detailed calculations and
Construction drawings
SUMMARY REPORT - SSF NC AUG 77 NC
FINALIZATION OF CONTRACTS NC SEP 77 NC
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7.0 FABRICATION DOCUMENTATION
(See also chapter 6.0}

The fabrication-documentation from the different yards in-
volved, in mainly contained in "Data Books".
A data book is work out for the different beams/nodes or
subassembly of these and comprises:

Material certificate copies

Dimensional controll reports

COD-reports )

Stress relieving curves

Welding procedure

Namelist of welders.

Separate documentation are worked and submitted from the
following three main yards:
(Summary enclosed in Appendix 7)

CMP/UIE enclosure I
Julin enclosure II (d.d. 5/1-77)
Stord enclosurelIll (d.d. 11/1-77)

It should be noted that as of d4.d. 23/12-77, certain
material mill certificates are missing as listed in enclosure
Appendix 4, enclosure 1IV.

A list of drawings =~ verified as "carried out" is enclosed

in Appendix 4, enclosure V.
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8.0 DRAWING INDEX

A drawing index of latest issued drawings is enclosed in

Appendix 8.
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9.0 REFERENCES

A list of references is enclosed in Appendix 9.




APPENDIX NO. 1.

AGREEMENT NPD/DnV AND SCOPE OF WORK




AVTALE

MELLOM STATENS OLJEDIREETORAT (HERETTER XKALT OD)
06
DET RORSKE VERITAS (HERETTER ZALT DnV)

er inngdtt felgende avtale:

OFPDRAGETS OMFANG

1.1 DnV pidtar seg & vere 0D's hovedkonsulent under
kontroll med beregninger, materialer og den
praktiske utforelse under bygging og installasjon
av stdlplattform D? 2 og betongplatiform TP 2
med tilherende bore-, produksjons- og hjelpeutstyr
samt moduler og eventuelt rersystem Ifor beoyelasting -
som blir plassert pd Frigg-feltet (felt 25, blokk 1).

1.2 EKontrollen 1 henhold +il pkt 1.1 vil omfatts
konstruksjon og dygging av plattformene, Videre
vil kontrollen omfatte kjeler, trykkueholdsere,
varmevekslere, trykkrorsystemer, eleskirisks anlagg,
samt kraner med opplagring og helikovterdekk fer
8d vidt angdr den styrkemessige konstruksjon.

1.3 DInV skal ogsd bistid ved kontroll med plattformenss
sikkerhetsutstyr, innkludert systemer Icr dstaksjon
av gass og odrann, nodstopp, nadkrafi, alarm og
intern kommunikasjon samt branngluimingsutstyr og
brammsikring.

1.4 Xonitrollen omfatiter folgende faser:
l1.4.1 Vurderin~ av designkriterier.

1.4,2 Designikontroll av plattformenes utstyf og
modulenes kxonstruksjon. .

1.4.3 EKontroll med materialer, sveise-prosedyrer
og utforelse.

1.4.4 3Byggevlasskontroll ved de steder hvor de enkelte
enheter bygges. -

1.4.5 Vurdering av belastningspilkjenninger av
enhetene fra byggesiader til endeliz
plassering, samt konirell msd at det ixke
har oprsiédtt ckader ved slik forflytting.

1.4,6 Kontroll av stabilitetsheresninger og
vurdering av belastningspiikjenninger som
¥an opnsta ved forfiytiing av nlatiformene

: [




- [

frarbyggeplass til Frigg-feltet og setting
. p& feltet. . p

1.4.7 EKontroll i henhold %1l pkt l.ﬁ:s under
uttauing og setting. S :

- 1.4.8 EKontroll ved legging av interne rerledninger.

1.5 Metode for kontrollberegninger (dataprogrammer)
gkal godkjennes av 0D. _

1.6 Arbeidet skal videre omfatte kontroll av alle nod-
vendige geotelkniske beregninger og vurderinger 1
forbindelse med fundamentering for plassering av
plattformen. ' ‘

1.7 DnV vil utarbeide forslag til arbeidsplaner (scope
of work) for den praktiske gjenncmforing av. ;
kontrollen. Disse planer skal godkjennes av OD.

1.8 I tillegg til offentlige sikkerhetsforskrifter som
eksisterer eller som mdtte bli fastsatt, kan 0D _
til enhver tid fastlegge rm@rmere reiningslinjer for
kontrollen. I 1

1.9 DnV vil legge frem eksisterende regler og bestemmelser
eller forslag til slike som skal legges til grunn for
¥ontrollen i tillegg til offentlige sikXerhetsfor-
skrifter og retningslinjer som nevmt i pkt ==, 1.8,
Slike regler og bestemmelser skal godkjemnes av COD.

2 INFORMASJON M V

2.1 DOV vil sende 0D alle relevante spesgifikasjoner, 3
instrukser, prosedyrer etc, samt liste over alle
aktuelle standarder cg relevante tekniske faglige
kompendier som DnV legger til grumn ved kontroll-
arbeldet.

"-. e

2.2 DnV pidtar seg 4 informere Q0D pad forhdnd om meter
av prinsipiell natur som InV har med byggherren,
entreprengrer, konsulenter etc i forbindelse med
konitrollen, slik at 0D eventuelt kan vers repre-
sensart, DnV vil cmgiende sende 0D Xopier av
referater og rapporier Ira dlsse moter.

‘ .
2.3 Saker av prinsipiell ar+t skal forelegzges 0D som
fatter avgjeralse oz utsieder everntuelle pdlegg
til rettighetshaveren, . .

2.4 DnV vil sende 0D anbefalinger om godxjennelse-av
de enkelte enheter. CD uisteder de endelige
godkjennelser til reti{ighetshaveren.




2.5

2.6

DnV vil under gjiennomfering av kontrollen i de

faser som er nevnt under pkt 1 holde 0D under-
rettet ved mdnedlige skriftlige rapporter om de
omrider kontrollen har dekket. Av rapporteme skal
fremgs spesielle vurderinger DnV har lagt til grunn
ved kontrollen. ~Fortrimmsvis skal disse rapporter

_fremlegges pi minedlige kontaktmzter.

DnV vil sende 0D kopier av all skrifylig korrespon-

danse, herunder telexkorrespondanse mellom InV og

rettighetshaver/konstrukter m v 1 forbindelse med
kontrollen.

¥

BEGRENSNINGER

3.1

3,2

0D stir fritt til & anvende andre konsulenter 1
¥ontrollarbeidet. Dersom DnV onsker & engasjere
konsulenter, skal zodkjennelse av slike konsulenter
og de nermere betingelser inmhentes fra 0OD.

0D forutsetter at DnV ikke har pitatt seg eller
pdtar seg & utfore konstruksjonsarbeid av de

 konstruksjoner som omfattes av oppdraget. Firmaet

forplikter seg til ikke & ta oppdrag for andre enn
0D vedrgrende det kontrollobjekt scm cmfaties av
denne avitale, med mindre samtykke er innhentet

fra 0D.

PERSONELL, OKONOMISXE FOREOLD, HONORAR M V

4.1

4.2

4.3

DnV vil +il enhver tid gjennomfere kontrollen med
nodvendig og kvalifisert personell. 0D skal til ’
enhver tid vere underrzttet om hvilke personer sonm
er ansvarlig for de enkelte fagomrider, samt hvem
som stir som hovedansgvarshavende.

DnV skal beregne sin godtgjerelse i henhold til
spesifiserte regler som er gitt 1 vedlegg 1 til
denne avtale. Spesifisert regning sendes 0D hvert
kvartal., ZEventuell justering av de gkonomiske
vilkdr skal godkjemnes av 0D.

0D forbeholder seg retten til 4 gjenhomgé InV's
prosjekt/kostnaisregnskaper for 4 lette Kontroll
og kostnadsoppiolging.

EONFIDENSIALITET

5.1

DnV er forpliktet il & behendle konfidensielt alle
prosjektdata og opplysninger som fremkommeT i for-
bindelse med behandling av slike data.
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5.2 BRare de av DnV's personale som eI nodvendlig for
en tilfrsdsstillende giennomfering av denne avtale
gkal informeres om eller f4 adgang til de data og
opplysninger som €r nevnt under pkt 5.1 ovenfor. :
DnV skal pdse at ingen tredjemann utenom rettighets-
haver fir adgang til disse data og opplysninger
uten skriftlig samtykke fra oD. -

ANSTARSFORHOLD

6.1 OD har intet ansvar for tap og skade som DnV under
atforelse av dette oppdrag paferer:

‘6.1.1 DnV's personale eller elsndom

»

6.1.2 tredjemanns personale eller elendon.

OPPSIGELSE

7.1 Avtalen kan av OD sies opp med en maneds ekriftlig
varsel. '

7.2 Dergom avtalen sies opp, plikter InV & pverlate t+1il
0D alt materiale som er samlet og alle vurderinger
og beregninger som er foretatt pr oppsigelsesdato.

AVSLUTNING

8,1 Nzrve=rende avtale skal gjelde inntil installasjonene
er montert og godkjent til bruk.

8.2 Etter oppdragets fullferelse skal DnV oversende til
0D en sluttrapport for det utforte arbeid.. Materiale
_gom er mottatt av ImV i forbindelse med oppdraget
skal oversendes 0D etter nzrmere retaningslinjer som
utarbeides av QD.

YOLDGIFT

9,1 Dersom det oppstdr tvist om forstielsen av denne
avtale, skal tvisten lases ved voldgift 1 henhold
til tvistemdlslovens kapitel 32. :

|.— -

Denne avtale avlgser avtale datert 2.4,73 mellom det
Kgl Departement for Indusiri og Eindverk og DnV angfendse
Yontroll av anlegg for petroleumsproduksjon pa Frigg-feltet.

Denne avtale trer i kraft straks,




 som en original for alle formal.

.
L]

Denne avtalen er utstedt 1 2 eksemplarer, ett for hver
av partene. Hveri av disse eksemplarene er & oppfatte

1y, . 3/ g
Stavmger’ * e e "‘O. L B 1974 Oslo [ ] [ L B I'). [ 3 3 B N J 1974
For Statens oljedirektorat For Det norske Veritas
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SCOPE OF WORK

FOR

b

control and inspection
foflfixed offshore platform

TCP 2 - 'FRIGG I'IELD
on behalf of

Norwegian Petroleum Directorate
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1. INTRODUCTION

This paper describes the general proéedure adopted by
Det norske Veritas for control and inspection of all
stages for the_fixed offshore installation TCP-2,
Frigg Field on behalf of Norwegian Petroleum

Directorate.

The inspection by DnV during all stages of the
projgct is meant to be additional to and not a
replacement of the control activities of the owner,
designer or contractors, to ensure that the
- fabrication and installation is carried out according
to design and specifications under proper sypervision.
The organisatiop of owner's/contractdr's'inspection,
reporting of results etc. for each coqstruction site

is to accepted by DnV.

DnV will evaluate and issue their letter of acceptance

for the following main stages of the platform:

1. Floating of bottom section and tow out from dry
dock.

2. Any major transportation phase of deck or deck

.components including assembly of deck components.
3. Immersion and installation of deck on main structur

4. Towing operation from the construction site to the

Frigg field. .
5. Setting at location on the field.

6. Before any platform living accomcdation is taken

into use.

7. Before the platform is taken into use for

hydrocarbon production.




2. DLSCRIPTION

- Environmental conditions including water depth,

soil and seabed conditions.

- Codes, standards and specificétions used for main
concrete substructure, main.deck structure and
primary and secondary structures inside and
outside main structure, pipeiines and risers,
lifting appliances, equipment, machinery and
systems for materials, welding, fabrication,
inspection and corrosion protection.

*

- Design criteria, including applicable regulations,
codes and standards, in accordance with accepted
practice for design of offshore structures to
ensure an acceptable level of safety and

serviceability.

G — S G e ————— — s

L

- General arrangement, configuration and system

drawingslfor final structure and for structure

25N

during all relevant'temporary‘stages.
- Environmental design loads for all rglevant stages.
- Foundations design, including soil stability analysis
- Structural analvsis and desiyn calculations for
¥inal structure and for structure during all

temporary stages.

- Detailed drawinrgs, reinforcement drawlings ctc.

including weiding description for steel parts.




- Application of materials, welding and inspoction

me thods.

Water tightness during floating stages.

All water, air, grouting and hydraulic systemé

i

affecting the'integrety of the platform during all
relevant temporary stages. This includes evaluation
of feasibility of these systéms for failsafe

operation. N

- Equipment and systems with-internal pressure
(for operation phase) including pipeliné and

riser systems.
*

- Design of structure with regard to forces from
mooring and towing systems according to principle

of weakllink outside structure

Floating stability and motion characteritics:

during all relevant temporary stages.

Instrumentation systems to ensure safe operations

‘during construction and installation such as:

- earth pressure gauges on domes

A7

- strain gauges on dowels and in concr. structure
- skirt compartment pressure gauges
n - inclinometer '
- water level in cells ‘
- skirt penetration
- echosounders for keel clearance

t+ = drought

- corrosion protection systems affecting the primary
structure including pipelines and riser svstems.
Evaluation of corrosicon protection of secondary
structures and process systems in relation to

access for in-service inspection.




7 % )

For electrical systems: onec-line diagrams, methads
of protection in hazardous arecas, shovi circuit
and fault protection. '

(Operation phase of platform’only)

To assist as required by NPD to review platform safety

including {(operation phase only):

Platform arrangement

llazardous areas, including ventilation/pressuri-

sation system.

¥
Escape plan:
Safety systems including systems for detection of
gas and fire, process and emergency shut down,
alarm and public adress, fire-fighting and
fire-protection.

Emergency power

Reljief, flare and vent systems

Inspection and certification of construction materials

S v —— S e AN A —

Component material guality and testing.

Survey of material fabrication and witnessing of

material certification tests- (in special cases).

kobview of certificates and material marking.
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- Review of construction standards and methods

Survey of concrete quality, material testing,

placing of steel and concrete.

Survey of tensioning and grouting prestressing

tendons.
F

- Approval of welding procedures, welding equipment

and welders.

Survey of fabrication of steel deck components and
4

assembly of deck frame.

Survey of fabrication of modules and secondary -

and temporary structures.
- Survey of fabrication of risers and pipeline narts.

Survey for code compliance for proceés and dtility

-
1

equipment and piping.

- Survey of construction tolerances

- = Survey of quality of repairs

2.5 Evaluation and surveillance of as=launched structure

ol T v e . —— T T - S A e S T M T A AR A it o ——

Launching operation method
B
- Measures to ensure the structure to free itself

from bottom.
- Air cushion pressure system under structure.

- Calibration and monitoring instrumentation to ensure

operation safety.




2.6 Evaluation and surveillance of structure during
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- Mooring forces on structure with view to _
environmental conditions, taking into account
the possibility for long periodic waves in the
water construction basin.

r

- Safety against entry of sea.’

- Rate of concreting, ballasting and submergence with

view to possibility for overstressing uncured

[}
concrete., 7

- Air pressure system inside structure.

- Operations to submerge structure and marine
operations for installation of deck including
surveillance of commissioning of the temporary

systems.
- Calibration and monitoring instrumentation to
ensure operation safety. Surveillance of

commissioning of instruments prior to.operations.

- Surveillance of operations.

2.7 E£valuation and surveillance of final tow-out phase

by
- Evaluation of conditions along towing route taking

into account seasonal limitations.
- Towing forces.

- Safety against entry cf sea.
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2.8

- Temporary systoms.

- Survey of instrumentation installed fov aperation
safety e.g. water level in cells, draught, keel

clearance, inclinometers. >

- Surveillance of operations.

Evallation of installation phase operations and

 — Installation procedure for the structure and

surveillance of installation operation for

compliance?%ith planned procedure.
- Evaluation of data from installation instrumentatio
- Monitoring of initial settlements
- Grouting

- Scour protection

- Tightness of o0il storage

- Possible localized damage

- Transportation method for larger items,(podules

etc:)and reinspection after arrival on site

- Module installation

{
- Survey during pipelaying

- Final assembly for the structure and the process
and utility systems also including completion

of riser and pipeli:.e systems.




- Witnessing of load tests of lifting appliaces.

- Llectrical installation.

W

~ .
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Fje/Rpl/AHE
14.1.1977




APPENDIX NO. 2

FIGURES - GENERAL
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METERIAL, FASCATION A0 My 3 10 BE
ACCORGANCE WITH ELF - ZARGE SPECWHICATIONS -
- MATERlAL BPEC 1053 wer-14% REV 4
FaBRICATIION SPEC 1352 w*®3-158 REv 2
SAINTING  SPES 1% M* }-187 REV
MATERIALS $HSS5-10 FACH 12mm 10 ISmw MAVES
SHES 4l FAIN J3mm 1O HOwmm FLATES
UNLESS DIHEAWISE ®ITED
WELLING SYMBY.ET WS KN REV 3 :
THE ORAWINS SPLCIFY IRE RECIRED EFFECTIVE
THADAY OF PARFIAL JOINS PFERE TRATIONS WELDS
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APPENDIX NO. 4.

FIGURES - FABRICATION
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 DL.E.P. o . COURBEVOIL, October 2hth, 1975
1052 H° 5- 720 '
RM/md‘ I [ X g oy
AR NI
4
MINUTRS OF MEETING NORGO/DilV/ELT
HELD ON_OZTOBER 22nd 1975 IN ELT PARIS CFFICES
SUBJECT - FRIGG Field - TCP2 support-frame
welding aid inspection of welds
In attendance : -
Messrs IRGENS ' - ;
_ VA ; NORCO
EIDE , ' :
" MISUND g DRV
‘ SEMARAN (partial time)
PUIDEBAY '
PLOUVIER
ROZEN ELF
TRICAN
METZ
J I - MEETING PURPOSE

Restatement of what shall be planned éoncerning welding procsdure
qualification tests, welder: gqualification and weld inspection.

II - BASE 8PFTT.. SBPICIFICATION

-

0 o
»LE precises that the p@htes have Geen crdered gccording ELF
S~y specification 1052 N° 5-302 - Rev., O issued oz May 157S.

e M A T LY e —p—y Yo A b ——

SHS » 20 for thicknesses 4: 25 zm
SHS - o " :> 25 wm

N by
T




III ~ TYPRES OF WELDING PROCERSES ALD CPERATING CORDITIONS

" According to Mr. KVAM, are handwelding with coated electrodes will
be used for every weld'except for partial penetrated web on f{lange
welds of current boxes, which will be made by automatic weldiug.

Principle desiga of web oa_flange velds ;

5 ///l : .7 t . _ ‘ :
Y/ vhen imossible

access from
gither side .

¥hen possible
s access from
both sides

1
4

In principle, webs and flanges of boxes wiil‘not‘haVe butt jointz.
The only onés to be considered will be the further mounting buty
welds of current boxes with prefabricated nodes..

IV - NOTCH IMPACT TESTING - METIOD OF CUTTING THE SPECIMENS

a

For thicknesses > 50 mm, DNV asks to cut one set of 3 imp
specimens in wel&,metal at the root, in addition to the 4
are usually reguired.

Tre following provisions are adopted.

a) Method of cutting specimens for t > 50 umm

Butt welds

___213:'1@_ -~ T . e

' A v : :
L @ A @ S

O ke
SN
C)[;w
\
-~
P
r< C\i
I




Groove Iillet welds

b

@- Center 'ocf the weld (at the root)
@- Center of the weld (below surface with capping runs)

@- Fusion line

b)

c)

et

@— 2 mm from fusion line
@ ~ 5 mm from fusion line

Method of cutting specimens for t < SO mm

Set (3) will be suppressed and all other sets(@) O, @ and 5))
will be cut 2 mm below the surface with capping runs {sce above

figures)..

Impact levels reauired @ | XY - 40° O

+ in weld metal at root (sef; @) 3,6 kgm average
2y .

. (according DNV rules)

. at all other locations (sets@, @, @, @) 4,1 kgm average
(according ELF fabrication - Specification) _

ool on.




. ¥ = TYPES AND NUNEBER OF SPECINXENS ¥OR MECHANICAL TESTS OTEXR THAN

. 77 TOUGERESS TEETS

‘.-' _'r I! ! - 4 ! ~

! I (butt welds mnc full penetration filiet welds)

t 1‘, . .

{{ . The types and number of specimens for wechanical tests other than

specinens planned for impact toughress measurement, will be those
< specified in DNV Technical Note Ne ¢ 1/2 of June 1st 1975.

Standards of seceptance of these tests will be the most seﬁere 6ues
of ELF Specification and DNV Rules. . :
Notice ~ Mechanical test specimens sball be cut onrly after favorable
;ﬁ?ﬂ non-destructive inspection of the test weld.

VI - THICKNESS RAKGES FOR VWELDING PROCEDURE QUALIFICATION TESTS
Grades and thicknesses met in the construction of the suppcrt;
frame : : - .

12 - 15 ~ 20 - 25 pp N

30 - 40 -~ 50 - 60 - 80-100 mm

« SHS ~ 20

/
U - SHS - "+O

The following provisions are decided in agroement with DHV .

[ 2]

Thickness ranges for qualification Thickness for qualification test
‘ o (en) {mm)
-;"' au{ t \< 100 (sHS- 40) © 100 (SHS - 40)
0 t < B (SHS-ko) 60 (SHS - 4c)
| 5 ¢t & 50 (SHS-43) 4 (SKS - 40)
" Rt a0 | (ws - )

'VII - COD MEASUREMENT

According to the Technical Hote N° ¢ 1/2, DNV asks to perform a

COD measurement for thicknessecs over than 50 .
) R

a) Testing tommercturs o 1G° ¢

T

However, DNV neakg LLI to investipgate ipon the origin gnd validity
. of the minimun temperature of - 15° C reported in o technical
\S - document Telating to this meotter,

\




b) Thickpness. %tvpe of bevel and welding position

AKKER welding procedure has not yet been conmmunicated ; therefo
/ 1t is not poscible to state the welding conditions for the
qualification test.'

- DNV says that a welding test made in a 100 mm sample with
symetricael K bevel and upwards welding would be valid for all
positions and thicknesses met in the structure construction (ke
welding cnly). :

/ : .
&’ DNV asks to make surs that no automatic submerged are welding
will be made on thicknesses over than 50 mm.

]

¢) Number of COD specimens

> specimens in weld metal and 3 gpecimens in HAZ, on test weld
in as.weld condition and PWHT condition. '

- ‘ d) Method of calculation of acceptable defects

ELF asks DNV to give them the following informations :

- the formulz and stresses to be adopted for the calculation of
the defect parameter a max (applied stresses, local stress
concentration}, . .

= minimum value E'max acceptable by DNV (as a rule);

- the calculation formulas ellowing to go from a - to a
T D max T % omax

or 2a max for surface or burried defectis.

e) COD tests performance

would “take about three weeks.

v

DNV is ready to carry out COD tests relating to this matfer. it

| © ' Besides, DNV is not opposed to the fact that these tests be
o ik -\\kk .carried out by another recognized organism, on condition that

a DNV's representative should attend the tests execution.

VIII - WELDERS QUALIFICATION

- it B e s -

iy ‘
ELF asrecs te apply' 'provisions of DNV Technical Hote C 1/3 of
28.05.75 (table 2) except that to be qualified for "all pouitions
the welders must comply with positionn 2G < 3G 4 4G (instead of
1G + 3G + 4G). '

~ Qualified welders on pipes

T St A iy —— . -

{g& These welders can work on plates




iX - HDT OF ¥LLDS

\

The NDT on Lomplete welds planned by ELT specificaticn are as
- follows : :

« ALl full peneiration welds : 100 %

« Al1l other uelds_ 10 %

DNV proposes following provisions :

Qlassification of cembers | PRODUCTION » | REPSIR *

Spocizl , 100 ¥ 168 1

Pricary - alnf 2C 160 3
Secondary mini 5% 03
Ka structural $POT 51

* Raferring to total length of welus io each classificaton

_ | HOTE = Initlal inspection should bs 160 § enatil a satis-
factory level of quality hos beea veriiled

! ¢ This DNV prorosal involves the previous statement of the
\j . distrivutiuvn of support-freme members in orders of importance
\ - ELF will give an answer after 1nvestlgat10n.

X - POST-WELD HEAT TREATMENT

In particular case of this job, DNV think it sdvisable to search

g for a welding metal and operating conditions sufficient to avoid
v FVET,.

XT ~ ELF SPECIVICATIONS BRIVISION

ELY speci? O:tiOﬁ
l I

#ill be reovised especially as resards the
welding ol ha e

Imezezs. Bul for the sake of the contract,

the preseat :leg'tu wiil remain velid. The modifications recguested
by DOV for this mucteltwill Ve, howover, eppliea ipr full in fuabri-
cation aué ins;ect¢uu:' ; k

b
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Red part
{including Central Square of White Part)




Green part

Fig. 4.1. b)




White part - Remanding Part
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- Table l: Fracture mechanics tests - TCP-2
Welding Joint Specimen Testing Cond. Position CoD Fabricator Report
consumable details gemp. As welded ©of Sc x ref,.
Brand Groove Pos. Size Steel (4 /PWHT notch (Wells) (Pop-in~) Date
OK 73.68 K-groove 100 x 100 Weld metal 0.0431 - 0.104
. 36 SHSS 40 0.055" -~ 0.048" -
-10°%¢ As welded - 0.23 -1.39 3to;i DnV
' HAZ 1.47 -> 1.54 ex
- 1.60 January 571674/1
1976
Weld metal 0.14 - 0,31 -
-10°c  PWHT 0.57
HAZ .0.72 - 1.98 -
> 2.2
OK 48.15 K-groove 100 x 100 Weld metal 0.064 - 0.241 CMP-Arles
36 SHSS 40 o ~-0.383
10°C  PWHT HAZ 0.377 - 0.365
-0.707
Fortrex K-groove 50 x 50 o Bs welded Weld metal 1.03-0.046-0.35 CMP- Institute
8018-c1 3G SHSS 40 =10°¢C Dunkirk de la
PWHT Weld metal 0.32-1.50-0.56 May 1976 Saldene no. 5896
Phillips K-groove 100 x 100 -10°C  PwHT Weld metal 0.435 - 0.466 CMP- 1.5.
3G SHSS 40 ‘ -0.367 Dunkirk 6111
HAZ 2.05-0.64-1.72
Commercy ° .
SP 1500/ K-groove 100 x 100 -=10 C__PWHT Weld metal 2.14 - 2,25 CMP 1
1G SHSS 40 =T -2.29 Dunkirk
Flux Linoln HAZ 0.76 - 0.94 Okt. 1976
880




[

Welding« Joint Specimen Testing Cond. Position coD Fabricator Report
consumable details Temp. As welded of 6c « ref.
Brand Groove Pos. Size Steel C /PWHT notch (Wells) (Pop-in~ ) Date
Fortrex K-groove 60 x 60 —IOOC As welded Weld metal 0.54 Stord Verft DnV 571674/2
8018C1 3G SHSS 40 0.20
' 1,12 Febr. 1976
0.21
Fortrex =X-groove 60 x 60 -10°¢ as welded Weld metal 0.88 Stord Verft DﬁV"571674/2
8018C1 3G 0.29
0.16 Febr. 1976
0.087
Fortrex K-groove 50 x S0 As welded Weld metal 0.04* - 0.15 Stord Verft Dnv 571674/3
8018CL 3G suss 40  -10% '
- PWHT Weld metal  0.84-0.87-1.20 Febr. 1976
Fortrex K-groove 60 x &0 ° As welded Weld metal 0.17-0.196-0.51 Stord Verft DnV 572040/1
golscl 36 SHSS 40 -10°C  puur. Weld metal 0.33-1.44-1.45  April 1976
Fortrex K-groove 80 x 80 As welded  Weld metal 0.098 - 0.079% Stord verft Dnv 572040/1
8018c1 3G SHSS 40 ) ~0.14 .
-10¢C
PWHT Weld metal 0.05->2.05-1.28 April 1976
Fortrex K-groove 100 x 200 o As welded  Weld metal 0.376-0.056 Institute I.s
Murex 3G SHSS 40 ~-10°C 0.164 de la 5908
' Soudure
Jan. 1976
Cerlikon K-groove 100 x 200 5 As welded Weld metal 0.035 - 0.10 Institute de I.S.
Tenacito 3G SHSS 40 -10¢C ~0.074 la Soudure 5908
70B Jan. 1976
Esab K-groove 80 x 160 o As welded Weld metal 0.118 —x0.064 Institute de I.S.
OK FU 3G SHSS 40 10¢c,__, -<<6.06 la Soudure 54908
SD3 X-groove 80 x 80 As welded Weld metal >1.8 - 0.88~ Stord Verft  DnV report
wire/TT4l 1G SHSS 40 -10% 0.35 76-313
PWHT Weld metal >1.8->1.8->1.8 July 1976
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subject : tcp2 nores POR/ 058 st petite synthe.
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-

afterJ¥inat'Stress réLieving‘at ESO;deg. c+ or - 15 deg.
-2a30_control., reveaLs cracks in five welds. e

“"". e T e el

A, "‘T‘ Rl T RS

’,14 weLd ref Ta/? . hode 258 . 4 _
crack SOOr“H Lono 17-35nm .geep, from. 1n§f e in weld metaL top fLange v

2--weLd ref 1b/ 7 _node 258 S IR
crack GGOmm Long in *op fLarge in flate materiab 7 L
R A T T e e e I e

L B-vweld ref 11/6ﬁ‘ node ?O%"l' 'L';*E""

bracks %Qﬂmm Longf°5_37 nn dcep from 1n51de in weLd?metaL bottom

_depth )7mm ;ﬁh _ _
hTTmmhfrom 1ns:Lde 1h haz

,weLc rﬁf,,?.a/( node 258 L

“"‘,’r

.ROO mm Lonn depth 1Omm»out91oe to W?mm ( root of

‘.‘r‘

ff1rst zone
out51de weLd)

_-"‘.'-. -

: cmp"proposeg?o carr/ out the repalrs.wlthout s+ress reLiev1ng,i_

_¥ the maxlmum depth of Pepalr w1thLL be Less tahn” ﬁOmm

R

L . P

DLﬂase adv*se 1f further stress reL1ev1ng LS requlrec and 1f so T

are further’ echanlcaL tests required.

‘preaéerhone‘ta’mr.'dursky at cmp this afternoon,




Y

£
=

e

Vve am Plorn

FIE &
V.n' an Klevalron

FILE
Voa an ﬁiﬂ'

*
-

Voa av E/aVSlysn

BEAH 302

<REeAH Zod

- \\\\'Elll“ll-l.l.ﬁ.l.l.‘oﬁll m- .\s\\ _ N - ——— e o p -y -
’= J ¥ .
! ' \ ! Y Yoo g oy ?
Leso. o e & ] v v ] *
y N N L I [ L
llf q t\\ y R e ...--"Jl'..“-.ll - p—

-
cluresneasndacscscalfes

APTER

\‘l..—.“.l L Il-ldlll'l

-

" \

- -““" - - =

» L
lll.r\.ﬁ“ll'-l'll n*ll.l

e
i
-
o
¢4
e
L FLECTiIONS
1.-‘-
| I
. \
'
W
!
H
: i
: 1
P
| 00 i
e

!6 ﬁ\\ ' l'l’ po— —— fOb —
. . ’A --\ '- u ey
2o b é W L—
RINCH . SOO_ o i L EFREZL | . . -
-SRI ! 3 3
” fll \\\ ‘ m ”
——1 lll;r‘hill'l' - Illl..lh- - - - l‘-ll-"'lll .“.Il-' fr
LT R -.llJTl.l‘ \!i!-. ~ ﬁ
\\\il ] ﬂ._..l... 1 s\ ' Iw ﬂ
’ * | ! *
¢ *\ ' .~ 'u
,ﬁ —_-. -,- “ g e ste SO0 m -
[]
LIS s 458 9|} “\ ‘ /
- 3 ‘. Q " ' 8 *. \\
\ A A 8 Sl }
.. P B " S Tpetemm—pee-de-- —
ll.ur“lll\“n-ll b G lb'l-.l m i
< 2
~ <=
- %

FOE5% FRIGS Tcré& ) | kDS
- MMaseres Jes .H&Xv\.i\..n\uh . ——

Sags : A% pypessa Hache - PARIS . . .. VisA : . i
Erablinement ds CHERBOURG Conslabeas svx. poinls o verindge

SERVICE TOPO.
i,

CyraT e .




APPENDIX NO. 5.

INSTALLATION
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Form No. 40.91a

f//f
JéhﬁéaarﬁS’}/

ELF HORGE

T.CuP.2. - STEEL FRAME CHPL/VIE

STRUCTURE.

LIST OF DATA BOOKS

1/6 - Welding Procedure CiiP/AKER

2/6 - Welding Procecdure CliP/AKER

3/6 - C.0.D. test

4/6 -« Control Report

5/6 - Electrical stress relieving curves

6/6 - Provisional acceptance - Contrel reports.
« Beams 434 - 436 - 438 . 238 =~ 234¥- 240

— Beams 676 - 777 - 778 - 675 - 980 - 973 - 979 - 880
876 - 875 - 878.

-~ Beams 879 - 377 - 976 - 977 - 975

- Sub assembly 407 - 753 - 41 - 754 -~ 457
- Sub assembly 207 - 653 - 21 - 654 - 257
- Bracings 413 - 414

- Beams 256 - 356 - 456

- Bracing 984 Row 7

- Bracing 0683 Row 5

- Beams »nd nodes 858/857 - 51 -~ Row 5
-~ Beam 422

- Beam 419

- Beam 431

- DBean 423

- Beam 33

- Beam G3.

eeed

Det norske Veritas has no liabillty for 1oss or damagu caused by its argans, ofilcers, empleyeex or otherv who act under assignment tfrom the Institution, regardiess of whether such pemon bas acted intens
tionali¥ or nesligetiths and irrespective of whether the loss or damage bas aficcted a shipawning romipany, a shipyard or others who have requested the Inatitutlan’s assistance or any thind party whe witkh-
uut having any contractual relations wilh the Inutitution, has acted or made arranvemnentd In reliaues on decinions wade or information given by or oo behalf of the Institution. Xor, in cases a3 mentinned
in the preveding paragraph, can the iadividual or individuals who bave peronally coused the ise or Janage, bu beld liable.




lnoo C - page 2 -

TCP? Steel frame - Dats Bocks {continued)

- Beam 320 !
- Beam 424

- Beam 52

- Beams 43 - 42

Beam 421

- Noces 502 - 5Cu - 702 - 704
- Nodes 556 = 65uv = 736

- Deans 550 - 650 - 750

~ Deams 206 - 306 - 406
Hordes 208 - 408 - 58 - 458

- Seams U 45
(5.3 = 45 - 713} {563+ &5 ~ 7632
(763 = 45 -~ 764) (563 -~ &5 - 564)
(513 - 45 - 514}

Teams 355/357 ant 356/358
raclngs 677 aid 873

Sracines 60 and 61

L]

racing 137 X

- Jeaa 95¢ + node 713 - Beam 851 + node 313

Seams 440G - 582 - 982 |
(776 - 4aG - 757) (555 - 882 - 550)
(755 - 987 - 75%)

Geams 95870557 and node 51 - Xow 7

-

- dracing &84 Row 2

- Beam 430
-~ Deam 428
- Neam 427
- Beam 420

drsedngs 411 - 412 -« 415 - 416
Sracings 433 - 437 - 439

1

sraclapgs 775 - 776
Aracinge 881 - 981
%eams 911/912 how 7
Beams 8511/8lZ Row 5
Sracing 983 Row 7




faaa - page 3 =

TCPZ Steel frame - Data Books

~ Beams 56 - 57 - 80 - 81
(554 - 56 - 656) (656 - 57 - 754)
(650 - 80 - 552) (752 - 81 - 650)

- Beams 803 - 903 - 804 - S04
(500 - £03 - 512) (712 -~ 903 - 700)
(562 - BO4 - 530) (750 - 904 -~ 762)

- Beams 220 - 232 - 236

(451 - 220 - 460) (480 - 232 - 531)
(650 - 2556 - 551)
- Beams 120/118 and node 950
= - Beam 952 and node 763
~ Beam 852 and node 563
- Beams 219 - 231 - 233 - 239
(410 - 219 - 401) (501 - 231 - 430)
{501 - 233 ~ 500) (700 - 239 - 70L)

- Upper chord B6

- Bracings 54 and 55

- Nodes 500 - 600 - 700

- Bracings 235/435

- Hodes 552 - 554 - 752 - 754

6'}’4\/‘1
X - Sub assembly : (166 -~ 481l « 164 «» 471 - 162 - 461 - 160)
“;‘ Joud 7 (116 - 480 - 114 - 112- 450 - 110) (481 - 230 - 480)
v de-d 3 (480 - 228 - 471) (471 - 224 - 460) (460 - 222 - 461)

i

~ Bridge landing Ring F6

Sub assembly (562 - 564) (762 - 764)
~ Bridge landing Ring B6

Sub assembly (512 - 514) (712 - 714)
- BDeam D 43 ‘

. = Beams 874 - 974 - 873 - 973
- (562 - 874 - 563) (762 - 974 - 763)
(513 - 873 - 512) (713 - 973 - 712)

-~ Node 750 and Beam 506
- Node 550 and Beam 806

- Sub assembly : (751 - S54 755 - 656 - 757)

(551 - 354 - 555 - 856 - 557)
(751 - 170 - 165 - 551) (757- 370 - 368 - 557)
- Sub assembly : (165 - &43L.% 163 - 421 161 - 411 - 159)
(115 = 430 - 113 - 111 - 410 - 109 =) (421 - 223 - 410)

(431 - 229 - 430) (430 - 227 - 421) (410 - 221 - 411).
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T.C-P.Z2. Steel frame - Lata books

Beam 809
- Bean 319
Beam 313
- Beam 317
Beam 909
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FRIGG PROJECT (:T\\\) \Aup/j
TCP 2 steel frame : ~

Production at JULIN, Grand Quevilly and: France Entreprises, Ranville

. Final report

Y
(to be read in conjunction with progress reports)

. JULIN, Grand Quevilly as subcontractor to CMP, Dunkerque, has in cooperation
with MUNCH, Frouard and CMM, Yutz, produced the norther most part of the

steel frame between truss row 7 and 8.

France Entreprises, Ranville has, as a member of the same group of fabricators
done the assembly of prefabricated parts from Julin, CMM and Munch.

t

The following documentation is submitted with this report :

- stamped K.E. drawings, see list below.
= Julin shep drawings, see list below.
. - report files containing the following documentation :
Material certificate copies
Dimensional-control reports
. Diagrams for PWHT (if any)
- - Julin welding procedures
- production weld test at F.E.
= Julin working and control procedures )
- namelist of approved welders for the job at Julin and F.E.

- Organisation scheme for Julin’and F.E.

Le Havre, 5th January, 1977.

for Arild Bachke.

Det notske ¥eritas has no liability for loes or damage caused by ita organs, officers, exployees or others who act uader assignment frotu the [patitution, regardlesa of whether such person bas acted ioten-
timalle or nezligenlls and irrespective of whether the [om or damake hav atfected a shipowning cotapany, a shipyard vr others wha have fequested the Inatituziun's asdistance o an¥ 1hird farky wh wiche
Ul Baving any contractial relativne with Lhe |nstitotion, bas acted o0 mage arrapgeinents in relianee on decisions mide of inlurisation ziven hy ue on iehall of the Institutinn, Nuf. I8 carce 38 mientioned
T the preceding paragfaph, vin the individual or indsviduals whe bave peesooally raused the losa or duwnge, be held table,
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HOVEDKONTOR: GSLO \ e e
Det nors.;ke vVeritas . DISTRIKT: STOAD, BOMLO og HALSNDY
Industrial and Offshore Div. . POSTADRESSE: POSTBOKS 235, 5401 STORD
P.box 300 ) )

' TELEGRAMADR.: “VERITAS",STORD
1322 H@VIK TELEFON: (054) 10,893
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Att: A. Misund

OERES REF.: . VAR REF.: 5400 STORD, DEN

PBre/MSC 11 January 1977

FRIGG FIELD II - SUPPORT FRAME TCP 2
FINAL DOCUMENTATION

As separate mail we have today submitted:

- Signed construction drawings in accordance with,separate list.

- 2 off draw. No. 2130 "Extension of steel built at Stord Verft A/S",
identificating the different sections by their respective numbers.

- 2 off draw. No.1l071/1072 indicating which nodes and joints which
have been stress—relleved at Stord Verft A/S.

- One booklet with names of certified NDT-operators,who have been
working cn the project.

- One booklet of applied ultrasonic testing procedures. - .

b ~ One booklet of welding procedures, production tests, special tests
(i.e. for peening, repair and some experiments which Stord Verft
carried out with different preheating temperatures), COD-tests

and lists of welding operators (their certificates are enclosed).

- Specification of all Reports for single parts, sections etc.
built at Stord Verft, and the reports listed there.

The abovementioned sheould be'all available decumentation for the
steel parts built at Stord Verft A/S.

\Enclos d in this letter please find some photegraphs taken during
' the constructlon.

}
l

Yours ﬁnlthfully

r D NORSKE VERITAS
\W%.
agn sen

r1n01pal surveyor
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MILL CERTIFICATES MISSING
Item t Heat number
Node 755 1in 20 mm 724.300.422
Node 550 25 and 26 20 mm 725.010.143
Beam 806 9z 30 mm 724.170.201
Node 750 26 20 om 725.010.143
Beam 109 51 30 mm 472.002.702
: 165 20 mm 7595.010.143
Node 410 14 20 mm 725.010,143
146 20 mm 971.304.702
Hode 430 13 20 mm 871.304.702
14 20 mm 725.010.143
Node 431 "~ 38 ¥ 30 mm 724.170.201
Beam 874 128/130 25 mm 449,568.601
Beam D43-550 185 12 mm - 891.068.808
D43-750 186 12 mm 891.068.808
A Beam 228 g 30 mm 724,170.201
10 30 mm 472.003.102
103 ' 15 mm 724.960.451
Node 460 1 30 mm T 472.002.702
13 30 mm 472,002,702
14 and 16 20 mm 725.010.143
Node 450 13a 20 mm 725.010.143
138 20 mm 871.304.702
Beam 1607162 160 12 mm 725.010.442
160 12 mm 724,120.341
Beam 164 37 ,%O mm . 472.003.102
1561 ~12 mm ) 725.010.442
Ring FO 40 mm 870.104.813,

-way

Det norsice Veritad has 0o Liability for loss or damage caustd DY its organy, oilicers, employees or othery whe art under dasigament Lrom the Instituticn, regardiess of whether such person bhas acted inten-
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tionally nr nezligently and irrespective of whether Lhe loss or damage has alfreted a shipowning company. 2 shipyard of oihers wha bave requeated the lnsticution’s aseiatapce or any third rarty wio with-

out having any contractusl relations wilh the Institution, has acted or made arrapgements in relisnce on decisions made or information given by or on bebalf of the [oativutlun. Nor, in cases as aentloned
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Steel frame - TCPZ
Mill Certificates missing

t . Heat number

Bracing 435 25 mm 725.310.021
Nodes 500.600.700 20 mm 725.270.522
20 mm 871.304.702

Bracing 54 - 55 20 mm 719.270.211
Upperchord of B6 20 mm 724.300.442
60 mm 719.460.601

50 mm 718.360.701

80 mm 773.008.901

20 mm _ 724.190.101

50 mm 701.460. 201

. 20 mm 719.970.441

Nodes 256-356<456 80 mm 725.000.622

Bracing 413 15 mm 724.960.621.
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FRIGG T. C. P. 2.
STEEL FRAME
LIST OF DRAWINGS.
N*° ' TITLE Revision .
20-0103 Cutline ' 2
20.0104 Plan main deck 10
20.0105 Plan cellar deck 0
20.0106 Sections of profiles A 2
20.0107 Sections of profiles B 4 B
20.0108 Sections of profiles D 1
20.0109 Welding details, 1
20;0110 Dimensions, truss row A,C,E,G, 1 and 8 4
20.0111 bimensions, truss row 2,4,5 and 7 4
20,0151 Plan main deck bracing 1
20.0152 Main deck hracing details 0
20.0153 Plan cellar deck hracing 1
0.015% Cellar deck bracing - details 1 1
0.0155 Cellar deck bracine - defails 2, 2
I
Dret norsxe Veritas bas no liability for lods or damage caused by its organs, officers, employess or others who act uader aa t from the Insticuti regardless of wheiber sach person bas acted intes:
tionslly or pegligently and brrespecilve af whether the loas or damage han affected a shipewning torupany, & Bhipyard or othern who bhave ed tbe Institution's int. or any third party who 'vn..h-

oui having any vontractual relation. with the Iesiitution, bam ucted or made arrangeents i reliznce on Jecisions made or information given by or vn behalf of the Iostitution, Nor, in cases 2a mentiontd
in the preceding parmgraph. can the individual or mndividualy who bave personaiiy caused the losd or dumage. be held lable.
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Steel frame - T.C.P.2.

Nﬂ

20.156

20. 0157
20.0158
20.0159
20.0160
20.0161
20.0162
20,0167

20.0201
20.0202
20.0203
20.0204
20.0205
20.0206
20.0207
20.0208
20.0209
20.0210
20.0211
20.0212
20.0213
20.0214
20,0215
20.0216
20.0217
20.0218
20.0219
20.0220

TITLE

Plan structural deck

Structural deck details 1

Structural deck details 2

Structural deck details 3

Bridge landing

Details, bridge landing

Burner boom supports

Stabbing guides

Truss row
Truss row
Truss row
Truss row
Truss row
Truss row
Truss row
Truss row
Truss row
Truss row
Truss row
Truss row
Truss row
Truss row
Truss row
Truss row
Trus row
Truss row
Truss row

Truss row

O O T - T T - S SR S S S S

with
with
node
node
node
node
node
node
node
node
node
node
nade
node
node
node
node
node
node

node

details of upner chord
details of lower chord"

100

.10l

110
200
201
300
400
401
410
421
430
500
501
600
700 .
761
710
721

Revision
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Steel frame - T.C..P2.

NO

20.0221
20,0222
20.0223
20.0251

20.0252

20.0253
20.0254
20.0255
20.0256
20.0257
20.0258
20.0259
20,0260
20.0261
20.0262
20,0263
20.0264
20.0265
20.0266
20.0267
20.0268
20.0269
20.0270
20.0271
20,0272
20.0273

- A e

Truss

" Truss

Truss

Truss
chord

Truss
chord

Truss
Truss
Truss
Truss
Truss
Truss
Truss
Truss
Truss
Truss
Truss
Truss
Truss
Truss
Truss
Truss
Truss
Truss
Truss
Truss

Truss

TOowW

TOowW

Tow

row

row

row

Tow

row
row G

row G

row
row
TOwW
row
royw
TOW
TOowW
TOW
Tow
row
TOwW
TOW

row

TOW

row

TOoW

TITLE
A node
A node
A node
G with

G with

G node
G node
G node
node
node
G node
G node
G node
G node
G node
node
node
node
node

node

7 B 5 B > B B B

node

730

800

801

details of upper

details of lower

150
151
160
250
251
350
450
451
460
471
480
550
551
650
750
751

node 760

G node
G node
G node

G node

771
780
850
851

Sy ¥

Revision
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Steel frame - T.C.P.2.

- ———— -

N° | TITLE ' Revision
20.0301 Truss row C with details of upper 1
chord
20.0302 : Truss row C with details of lower 1
chord.
20,0303 Truss row C node 106 3
20,0304 Truss row C node 107 - B
- 20.0305 Truss row C node 116 ‘ 2
20.0306 . Truss row C node 207 5
20.0307 Truss row C node 407 3
20.0308 Truss row C node 416 1.
- 20.0309 Truss row C node 427 0
20,0310 Truss row node 436 1
20,0311 Truss row C node 506 1
20.0312 - Truss row C node 507 0
20.0313 Truss row C node 606 0
20.0314 Truss row C node 706 ' 1
20,0315 Truss row C node 707 4]
20.0316 Truss ro& C node 716 1
20.0317 Truss row C node 727 1
20.0318 Truss row C node 736 2
s 20.031% Truss row C node 806 1
20.0320 Truss row node 807 1
20.035l Truss row E with details of upper 1
chord
20.0352 Truss row E with details of lower 1
chord :
20,0353 Truss row E node 156
20,0354 Truss row E node
20,0355 Truss row E node
20.0356 Truss row E node
20,0357 Truss row E node
20.0358 Truss row L node
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Steel frame - T.C.P.Z2.

N°® TITLE Revisioh
) \
20.0359 Truss row E node 477 ]
20.0360 Truss row E node 486 Q
20.0361 Truss row E node 556 0
20.0362 Truss row B node 557 o]
20.0363 Truss row E node 656 0
i 20,0364 Truss row E node 765 1l
20.0365 Truss row E node 757 0
20.0366 Truss row E node 766 1
20.0367 Truss row E node 777 2.
20.0368 Truss ~ow © node 786 1
20.0359 Truss row E node 856 1
2C.0%70 Truss rew T node 857 0
20.0401 _Truss row 1 with details of upper 2
chord
20.0402 Truss row 1 with details of lower 0
. chord
20.403 Truss row 1 node 10, 104 ‘and 154
20.0451 Truss row 8 with details of upper 1
chord :
20. 0452 Truss row 8 with details of lower O
. chord
20.0453 Truss row 8 node 80, 804 and 854 1
’ 20.0501 Truss row 2 with details of upper 1
chord :
20,0502 Truss row 2 with details of lower 1
' chord
20.0503 Truss row 2 node 21 1
20.0504 Truss row 2 node 204 and 254 O
20.0551 Truss row 4 with details of upper’ 1
chord _
20.0552 Truss row & with details of lower 1l
chord. - :
20,0553 Truss row 4 node &1 :

20.0554 Truss row & node 404 and 454
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Steel frame -~ T.C.P.2.

- A

N* TITLE REVISION
20.0601 Truss row 5 with details of upper 0
chord :
20.0602 Truss row 5 with details of lower 0
chord
20.0603 Truss row 5 node 51, 513 and 563 1
20.0604 Truss row 5 node 505 and 535 1
20,0605 Truss row 5 node 514 and 512 1
20. 0606 Truss row 5 node 564 and 562 1
20,0651 Truss row 7 with deﬁails of upper 0
chord N
Y 20.0652 Truss row 7 with details of lower o
chord _
20.0653 Truss row 7 node 71, 713 and 763 3
20.0654 Truss row 7 node 705 and 755 1
20,0655 Truss row /7 node 714 and 712 0
20.0656 Truss row /7 node 764 and 262. 0
20.0701 Supporting ring D3 plan 1
20.0702 Supportiﬁé ring D3 plan - section 1
20.0703 Supporting ring D3 node 206 and 256 2
20.0704 Supporting ring L3 node 208 and 253 L
20.0705 Support ring D3 node 306 and 356 1
20.0706 Support ring D3 node 406 and 456 2
20.0707 Support ring D3 node 408 and 458 L
20.0708 Support ring D3 arrangement of anchor lo.
bars eastern half
20.0709 Support ring D3 arrangement of anchor 9
bars western half
20.0710 Supnort ring D3 node 256. 3
20.0801 Support ring 36 plan 1
20.0802 Support rtinp B6 plan - section 2
20,0803 Support ring B6 no&é 502 anh 702 1
20.0804 Support ring 36 node 504 and 704 1
20.0805 Support rine B6 - arrangements of anchor 7
hars eastern half
20.0806 ’ Supnort ring 36 - arrangements of ancior 9

bars western half.
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Steel frame - T.C.P.2.

e TITLE / Revision
'

20.0851 Support ring F6 plan - 2

20.0852 Support ring F6 plan - section 2

20.0853 Support ring F6 node 552 and 752 (o]

20.0854 Support ring F6 node 554 and 754 1

20.0856 Support ring F6 - arrangement of 7
anchor bars eastern half

20.0855 Support ring F6 - arrangements of 7
anchor bars western half.

20.0901 Typical details 3

20.0902 Inspection ways-main deck 2

20.0903 Inspection ways - cellar deck 2

20.0904 Cantilevers for ring panczkes 3

20.0905 Platin~ and support of deck between 1
pancakes

20.0906 Corner guides for pancakes c

20.0%07 Templets for anchor bars - ring D3 - 3
eastern half

20,0908 Templets for anchor bars + ring D3 - 2
eastern half

20.0909 Templets”for anchor bars - ring B6 1
eastern half

20.0910 Templets for anchor bars - ring B6 2
western half

20.0911 Templets for anchor bars - ring F6 L
eastern half

20.0912 Templets for anchor bars -.ring Fo 1

: western half
. ~

20.0913 Gantry girders for painting trolley 4

20.0914 12 mm steel plate at top of lower:
chord

20,0915 Temnorary sidings 3

20.0917 Guides for pancakes B

\
20,0918 Gantry girders details 2
“ M | g

20.0919 Details plate stifieéners and anchor l
plates in rings.

20,0920 Details plating row 1 and 8 C

cosef
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Steel frame - T.C.P.2.

- A A .

N° TITLE Revision

\
20.0921 Details plating part of row 1 E«G 0
20.0922 Plan and details templets ring Fb6,
_ B6 and D3 . .
20.0923 Stiffeners at lower chnrd row A,C, o]
E and G
20.0924 Annles and nads truss row A,C,E and &
G
20.0925 Angles and nad truss row 1,2 and 4 3
20.0926 Angles and nads truss row 5,7 and 8 3
20.0927 Angles and pads details 3
N 20.0928 Angles and nads details 4
\ 20.0929 Plan cellar deck, location of towing 1
winches, cantains bridge and walkways
20.0930 Winch platform n® 2 2
20.0931 Wineh platform n® 10 2
20.0932 Winch platform n® 2 - grating . -Q
20.0933 Winch platform n® 10 - grating 1
20.0934 - Pine support on bridge 1;nding west 2
side N
20.0935 Drainage piping penetration cellar 2
declk.
20.936 Plate support on truss row G lu7 lower i
chord ' _
20,0937 Winch platform 5,6 and 8 - dwgl i
20.0938 Wineh platform 5,6 and § - dwg II 2
20,0939 Winchh platform 3,6 and 8 - grating 0
20.0940 Winch platform n® 9 and 4 2
20.0%41 Winch platform n°® 3 0
20.0942 Temporary sidings - general view 1
20.0943 Temporary sidings - details II 3
20,0944 Temporary platforms 4
20.G8%45 Location sunports’ionpitudinal and 2
transverse girdersd. !
20.0946 Baseplates of tower crane 0

ceel




Steel frame - T.C.P.Z2.

N* TITLE _ Revision

20.0947 Attachment plates on‘cantiLevers

20.09438 Support for 50 togps jacks | 1

20,0949 Base plate requirement for mooring

_ system shaft 1

20.0850 Base plate reguirement for mooring 3
system shaft 3

20.0951 Base plate requirement for mooring 2
system shaft 5

20.0952 Shock absorber attachment 2

20.0953 Tensioner attachment plate 1

20,0954 Cable tray supports truss row 1,8,G B

20.0956 Brackets for steel frame mooring o

- padeys

20.0957 Winch platform n® & and 9 - grating K

20.0958 Winch platform n® 3 - grating 0

20.0959 Welding plates for Brown & Root 2

20.0960 Base plate requirements for mooring 1
system, truss row &

20,0961 Cable tray supports - sectional views O

20.0962 Temporary handrails truss row C between .
row 1 and 2 '

20.0963 Location of pancakes guides 3

20.0964 Temporary nlatform 33 0

20.0965 Winch platform 5,6,7 and 8 - Dwg III o

20.0966 Guides for nancakes - Type I and II A

20.0967 Temporary platform 23A and 25A 0

20.0968 Temporary nlatform 31A 0

20,0970 Welding plates on truss row A 0

20.0971 Welding plates on truss row C 0

20,0972 Welding plates on truss row E 0

20.0973 Welding plates on truss row 5 0

2Q.0974 Welding plates on truss row 1 1

20.0975 Welding plates on i;uss row 2 2

20.0976 Welding plates on truss row & 1

20,0977 Access mooring system in structural 0

deck
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N° TITLE Revision
20.0978 Rail for access to winch support 0
platforms
20.0979 Welding plates on truss row 7
20.0980 Extension of temporary Siding 1

Truss row 1

20,0981 Plates on truss row A,C,E and G for 0
stability arrangements on norbarge
I and II in andalsnes.

20.1101 Temporary platforms, plan shaft 1 0

20,1102 Temporary platforms, plan shaft 3 4]

20.1103 Temporary platforms, plan shaft 5 0

20.1201 Temporary platforms and pancakes, A
plan shaft 1, F6

20.1203 Temporary platforms and pancakes, A
plan shaft 5, D3

20.1202 Temporary platforms ancd pancakes A
plan shaft 3, B6

20,2001 - Location of support peints and support O
frames on deck - Sea Pontoon &

20. 2002 Grid system under line A-C-E-G 0 '
Sea Pontoon 4 '

20. 2005 Stiffening and cantilevers for jacks 0

' on skid bgams -~ See Pontoon 4

202006 Vertical supports transverse seafaste- O
ning - Sea Pontoon &

20. 2007 Support girders Line A and G alternativ'o

4.4 I - Sea Pontoon &

20.2008 Supnort girders line ¢ and & alterna- @
tiv I - Sea Pontoon &

20.2009 Transversal seafastening Q

o Sea Pontoon 4

20.2010 Longitudinal seafastening 0
Sea Pontoon &

20.2011 Lengthening of skid beams - Seapontoon O

20,2012 End support of skidbeams Row A and G
Sea Pontoon 4 ’

L -.A ‘ L]
20.2013 End support of skitbeams Row C and E
20,2021 Jacking and seafasteninpg operations

on the Barge{
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TCP-~2 Steel Frame

List of 'AS CARRIED OUT DRAWINGS'

- STIFFENERS AT LOWER CHORD ROW S5 and 7
Dwg. XE 0990 Rev. O

- BASE PLATE REQUIREMENT FOR MOORING SYSTEM SHAFT 3
Dwg. KE 0950 Rev. 4

- BRACKETS FOR STEEL FRAME MOORING PADEYES
Dgw. KE 0856 Rev., 1

—

- BASE PLATE REQUIREMENT FOR MOORING SYSTEM SHAFT 1
Dwg. KE 0949 Rev. 6

- ACCESS MOORING SYSTEM IN STRUCTURAL DECK
bwg. KE 0977 Rev. ©

3

- WELDING PLATES ON TRUSS ROW C
' Dwg.'KE 0971 Rev. 0O

- WELDING PLATES ON TRUSS ROW A
Dwg. KE 0970 Rev. O

- ANGLES AND PADS TRUSS ROW A - C - E and G.
Dwg. KE 0924 Rev. 4

- PLAN STRUCTURAL DECK
Dwg. KE 0156 _ ~ Rev. 7

- PLAN MAIN DECK BRACING
Dwg. KE 0151 Rev. 1

- PLAN MAIN DECK
Dwg. KE 0104 Rev. 10

\ .

Andalsnes, 7.6.77

W. Boulogne
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DRAWING INDEX

FRIGG TCP 2

STEEL SUPPORT FRAME
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N K\AERNER ENGINEERING A.S




KVAERNER ENGINEERING AS ‘ Pege 1

20-0103 Rev. 2 Outline
20-0104 " 10 Plan main deck
20-0105 " 0 Plan cellar deck

20-0106 " 2 Sections of profiles A

L9

20-0107 " Sections of profiles B
20-0108 " 1 . Sections of profiles D
20-0109 " 1  Welding details
20-0110 | " 4 Dimentions, truss row A,C,E,G,1 and 8
20-0111 . 4 Dimentions, truss row 2,4,5-ahd 7
- 20-0151 " 1 Plan main deck bracing '
20-0152 " 0  Main deck bracing details
20_0153. p 2 Plan cellar deck bracing
20-0154 " 1 Cellar deck bracing details 1
20~-0155 " 2 Cellar deck bracinag details 2
. 20-0156 " 8 Plan structural deck
20-0157 " 1 Structural deck details 1
- 20-0158 " 1 Sﬁructural deck details 2
20-0159 " 3  Structural deck details 3
20-0160 " ‘2 Bridge landing
20-0161 ®* 3 petails, bridge landing
20-0152 " 0 surner boom suﬁports, upper and lower chord
20-0167 " 2 Cantilevers with stabbing quides at end
' of trusses
20-0201 " 2 . Truss row A with details of upner chord - .
20-0202 " 1  Truss row A with details of lower chord
20-0203 " 1 Truss row A node 100
20-0204 " o Truss row A node 101
20-0205 " 0 Truss row A node 110
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KVAERNER ENGINEERING AS ' Page 2

20-02006 Rev, O Truss row A node 200
20-0207 " 0 Truss row A node 201
20-0208 " d Truss row A node 300
20-0209 - " O Truss row A node 400
20-0210 " 1 Truss row A node 401

.20-0211 " 1' Truss row A node 410
20-0212 "0 Truss row A node 420
20-0213 f ,"_- 0 Truss row A node 430 .. _ :
20-0214 L" 0 Truss row. A node 500 - S

ﬁh ‘ 20-0215 " 3 Truss row A node 501 |

20-0216 " 0 Truss row A node 600
20-0217 " 0  Triss row A node 700
20-02138 " 0  Truss row A node 701
20-0219 .. 2 lTruss row A node 710

- 20-0220 - " 0 Truss row A node 721
20-0221 S | Truss row A node 730
20-0222 "o-l Truss row A node 800

7 20-0223 " 1l Truss row A node 801
=N 20-0251 o3 Truss row G with details of unper chord

20-0252 " 1 Truss row G with details of lower chord
20-0253 " 2 Truss row G node 150
20-0254 " ‘ko Truss row G node 151 '
20-0255 " 0 Truss row G node 160
20-0256 " 1% Truss row G node 250
20-0257 "0 Truss row G node 251
20-0258 " 90 Truss row G node 350
20-0259 . 1 Truss row G node 450
20-0260 " 1 Truss row G node 451




KVAERNER ENGINEERING AS , Page 3

20-0261 Rev. 1  Truss row G node 460
20-0262 " 0 Truss row G node 471
20-0263 " 0 Truss row G node 4820
20-0264 " 0 Truss row G node 550
20-0205 " 1 Tfuss row G node 551
20-0266 " 0, Truss row G node G50
20-0267 " 0  Truss row G node 750
20-0268 " 2 Truss row G node 751
20-0269 . 2 Truss row G node 760
20-0270 " 0 Truss row G node 771
20-0271 " 1 Truss row G node 780

20-0272 " 1 Truss row G node 850
20-0273 " 0 Truss row (G node 851
f20;0301 i 1 Truss row C with details of ‘upner chord
;20-0302 "1 Truss row C with details of'lower.chqrd;
20-0302 " 3 Truss row C node 107

20-0304 » 1  Truss row C node 107
'20;0305 o2 Truss row C node 115

20-0306 " 5  Truss row C node 207

20-0307 " 3  Truss row C node 407

20-0308 . 1l Truss row C node 416

20-0309 . " 0 - Truss row.C node 427 '
20-0310 " 1  Truss row C node 436
20-0311 " 1, Truss row C node 506

20-0312 “ 0 Truss row C node 507
20~0313 " 0 ‘Truss row C node 606

20-0314 " 1 Truss row C node 706

20-0315 “ 0 Truss row C

node 707




KVAERNER ENGINEERING AS

1

20-0316
20-0317
20-0318
20-0319
20-0320
20-0351
20-0352
20-0353
20-0354
20-0355
20-0350

20-0357

20-0358

. 20-0359
. 20-0360

20-0361
20-0362
20-0363
20-0364
20~0365
20-0366
20-0367
20-0368
20-0369
20-0370
20-0401
20-0402
20-0403

Roev,

O H O O O O O = ~ &8 o O

1

N o

[ 1= I

R

N O

(=]

Truss

Truss

Truss

Truss

Truss
Truss
Truss
Tfuss
Truss
Truss
Truss
Truss
Truss
Truss
Truss
Tiuss
fruss
Truss

Truss

Truss’

Truss

Truss

Truss

Truss

Truss

Truss

Truss

Truss

row
row
row
row
row
row
row

row

row

row
row
row
row
TOW
r 0\;3
row
row
row
row
row
row
row
row
row
row
row
row

rowr

B BB H R B B O O O 0 O

H R R B BB B B 8 8 B BB H R B

nocle
node
node
node
node

with

with

node
node
node
node
node
node
node
node
node
node
node
node
noae
node
node
node
node
node
with
with

node

Page

716

727

736

806

807

details of upper chord
details of lower chord |
156

157

477
486

‘556
557

656

7G5

757

766

777 ‘

786

856

857

details of upper chord

details of lower chord

10, 104.and 154
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20-0453
20-0501
20-0502
20-0503
20-0504
20-0551
20-0552
20-0553
20-0554
120-0601
20-0602

20-0603

- 20-0604

20-0605 -

20-0606
20-0651
20-0652
20-0653
20-0654
20-0655

20-0656

20-0701

20-0702
20-0703
20-0704

20-0705
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Truss
Truss
Truss
Truss
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Truss
Truss
Truss
Truss
Truss
Truss
Truss
Truss
Truss
Truss
Truss
Truss
Truss
Truss
Truss
Truss
Truss

Truss

Supporting ring

Supporting ring

Supporting ring

Supnorting ring

row 8 with details
row 8 with details
row 8Unode 80, 804
row 2 with details
row 2 with details
row 2 node 21
row 2 node 204 and
row 4 Qith details
row 4 with details
row 4 node 41
row 4 node 404 and
row 5 with details
roﬁ 5 with‘details
row 5 node 51, 513
row S node 505 and
row 5 node 514 and
row 5 node 564 and
row 7 with details
row 7 with details
row 7 node 71, 713
row 7 node 705 and
row 7 node 714 and
row 7 node 764 and
D3 plan
D3 plan
D3 node
D3 node
node 306

Support ring D3

of upper
of lower
and 854

of upper

of lower

254
of upper

of lower

454

of upper
of lower
and 563
555

512

562

of upper

of lower
and 763
755

712

762

section

206

Pege 5

chord

chord

chord

chord

chord

chord

cherd

chord

chord

chord

and 256

208 and 258

and 355
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.20-0706 Rev. 2 Support riné D3 node 406 and 456
20-0707 " 1  Support ring D3 node 408 and 458
20-0708" " 10 .Support ring D3 arrangement of anchor bars
‘ eastern half '
20~-0709 " 9 Supmort ring D3 arrangement of anchor bars
western half
20~0710 " 3 Support ring D3 node 256
20-0801 " 1  Support ring BS plan
20-0802 " 2 Support ring B6 plan selection
20-0803 " T Support ring B6 node 562 and 702
) 20-0804 " 1  Support ring B6 node 504 and 704
20~-0805 " 7 Sunport ring.BG.arrangements of anchor bhars
eastern half -
. 20~-0806 mo g Support ring B6 arranqgement of anchor bars
‘ western half
20-0851 " 2 Supnort ring F6 plan
-20-0852 " 2 Support ring F6 nlan section
20-0833 " 0 Sunport ring F6 node 552 and 752
20~0854 " 1  Support ring F6 node 554 and 754
200855 " 7 Supnort ring FG6 arrangement of anchor bars
eastern half
_26-0856 o7 Suppért-ring 6 arrangement of anchor bhars
western half - :
20-0901 “ 3 Typical details
20-0902 " 2 Inspection ways main deck
20-0903 " 2 Insnpection wavs cellaf dack
20-0904 " 3+ Cantilevers for ring pancakes
20-0905 " 1 Plating and support of deck between pancakes
20~-0907 " 3 Termplets for anchor bars ring D3 eastern half
20-090¢ " 2 Templets for anchor bars ring D3 western aalf
X 20-0909 " 1 Templets for anchor bars ring BG.eastern half
%_ 20-0910 " 2 Templets for anchor bars ring B6é western half .
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20-0911
20-0912
20-0913

20-0914

20-0915
20-0917
20-0918

20-0919

20-0920
20~0921
20-0922

 20-0923

20-0924

20-0925
+20-0926
20-0927

20-0928

20-0929

20-0930
20-0931
20-0932

- 20-0933

20-0934

20-0935

20~-0936

20~0937
20-0938

Rev.
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Poge 7

Ternplets for anchor bars rina F6 castern half
Templets for anchor bars ring F6 western half
Gantry girders for paihting trolley'

12mm stecl plate at top of lower chord
Temnorary sidings

Guides forrpancakes type III and IV

Gantry qirders details |

Details plate stiffeners & anchor plaﬁes in ring
Details platinq row 1 and 8 -
Details plating nmart of row 1

Plan and details templets ring FG, Bﬁ and D3
Stiffeners at lowér chord row A,C,E and G .
Angles and pads truss row A,C,E and G

Angles and pads truss row 1,2 and 4 V/-

Angles and pads truss row 5,7 and g/

Angles and nads details

Angles and pads details

Plan cellar deck, location of towing wincheiy/ﬁ
captains bridqge and walkways

Winchiplatform no 2 v/

Yiinch platform no 10

Vinch platform no 2 grating

¥inch platform no 10 grating

Pipe support on bridge landing west side .

Drainage piping pénetraticns cellar deck

Plate support on truss row G 1l-7 lower chord

Winch platform 5,6 and 8 dwg I

Winch platform 5,6 and 8 dwg IT
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20-0939 Rev, 0 Jinch nlatform 5,06 dnd 8 grating
20-0940 " 2 Winch nlatform no 9 and 4
20-0941 " 0  wWinch platform no 3
20—0942 " 2 Temporary sidings general view
20~-0943 " 3 Témporary sidings details II
20-0944 " 4  Temporary platfornms
20-0945 o 2 Location support longituﬂinal girders,
‘ _ . : details end bracing
20-0945 "0 Baseplates of tower crane ¢//
20-0947 .- 2 Attachment plates on cantilevers ////
20-0948 " 1  Support for 50 tonns jacks
20-0949 " 6 ' Base plate requirement for mooring system
_ - shaft 1 |
20-0950 " 4 Base plate requirement for mooring system
' shaft 3 : '
20-0951 " 2 Base plate requirement for mooring system
. shaft 5
1 20-0952 " . 2  Shock absorber attachement ’
20~0953 "1 Tensioner attachement plate
120-0956 » 1 Brackets for steel frame mooring padeyes
20-0957 R Winch platform no 4 and 9 grating‘
- 20-0958 "0 Winch nlatform no 3 grating
20-0959 " 2 lelding plates for Brown & Root
20;0960 " 1 Base plate requirements for.mooring system,
truss row 4 '
20-0961 " 2 Cable tray supports location
20-0962- " ot Tempofary handrails truss row C bcetween fow 1l
' and 2 |
20-096G3 " 0 Location oflpancake quides
20-0964 " 0 - Temporary nlatferm 33

20-0965 " 0  Winch platform 5,6,7 and § dwgIII
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$20-0966

20-0967
20-0968
20-0970
20-0971
20-0972
20-0973
20-0974
20-0975
20-0976
20~0977

20-0978

20-0979
20-0980

- 20-0981

. 20-0982
20-0983
20-0984°

20-0985
20-0986

20-0987
20-0989

20-0990
20-0991
20-1101
20-1102
20-1103

Rev.
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Guides for pancakes Type.I'and II
Temporary platform 23A and 25A

Temporary platform 31A

Welding plates on truss row A

Welding plates on truss row C

Welding plates on truss row E

Velding plates on truss row

lJelding plates on truss row 1

Welding plates on truss row 2

Welding plates on truss row 4

Access mooring system in structural deck
Rail for access to winch support ﬁlatforms
felding plates on truss row 7

Cxtension of temporary siding truss row 1

Plates on truss row A,C,C and G for stability
arrangements on llorbarge I and II in Andalsnes

.Painting trolley with details

~Painting trolley driving machinery

Painting trolley driving machinery, details
Padeye painting trolley, detail .
Detail for painting trolley

Securing arranqgement for wheel sets

elding plates on bridge landing, west side
Stiffeners at lower chord, row 5 and 7

Fire wall on truss row A and truss row 8
Temporary platforms, plan shaft 1

Temporary nlatforms, plan shaft 3.

Temporary platforms, plan shaft 5
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20-2001 Rev.0 Location of support points and support frames on
| deck, Seapontoon 4

20-2002 "e 9 Grid system under line A-C-E-G, Seapontoon 4
-+ 20-2005 "1 Stiffening and cantilevers for jacks on skid
' beams, Seapontoon 4
20-2006 * 1 Vertical supports transverse seafastening

20-2007 " | Sumport girders Line A and G Alternative I

20-2008 " Suppott girders Line C and L Alternative I
20-2009 " ' Transvérsal seafastening, Seapontoon 4

20-2010 * Longitudinal seafastening, Seapontoon 4

[

20-2011 " Lengthening of skidbeams, Seapontoon 4

20-2012 " - End support of skidbeams row A and G, Seanontoon 4

20-2013 " ~ End support of skidbeams row C and E, Seapontoon 4

20-2101 " Location of arid system on barge

20-2102 v Location of suppoft frames

20-2103 " Grid system on barge

20-2104 " .Bracing system, Norbarge I and II

- 20-2105 "

¢
0
1
1
0
0
0
20-2021 " A Jacking and seafastening operations on the barge
. :
¢
0
0
0 Sumnort frames, Norbarge I and II
0
1

20-21006 " Stability arrangements, Norbarge 1 and II
20-2107 " General view stability arrangement under line
C and ©

20-2108 " 0 General view stability arrangement under line

' A and G B '
20-2109 " 0 Stability arrangements, detail 1 and 2

. | \

20-2110 *“ 1 Stability arrangements, detail 3

20-2111 - " 0O Stability arranqgements, details 4,5,6, and 7
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