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INTRODUCTION

“

The present DFI-resume for the concrete structure saould

be considered somewhat premature as the nlatform was resently
installed at Frigg Field (June 1977) and as-built summary

reports from Norweaglan Contractors, the main contractor,

.
Rt

related to the phases of deszign, fabrication and installation

4

of the platform have not vet been issued and aprroved.

However, the folleowing data and information, as filed by

DnV through control and inspectinon of all DFI-nhases,

-"

are considered to ke up to date and no changes cr additions

.
i

should be expected.

d

For the approval of the TCP 2 platform as fit for hydrocarbon
prodﬁction, DnV has been engaced as main consultant to
Norweqgian Petroleum Directorate for desian contrel and
inspection during fabrication inshore, offshore, during
towing and installation at Friga. This work nas been

carried out in aucordance with "Scope of work for control
and inspection of fixed offshore platform TCP 2 TRIGC FILLD
on behalf of NPD" dated 14.1.1977.

With reference to the above "Scowe of work"™ only one

recommendation remains to be aiven by DnV for MPD-apnroval

NS AR~ NS BNW NS

to be given as per todav for TCP 2, namelw:

7. Approval for platform to be taken into use of hvdrocarbon

production.

Based on results from DnV insvection of offshore works
presently going on, such recommendation and apoproval will be

given by DnV/UPD in 1978.

¥




.y .
) . .

-". -\ -
manlli= e ¢ . i

*

-
i

4 .

1B BN 9 P
. ‘ 3 i

a

-
A

4 ) i 1 . v

sy

a

Report No.. qgﬁ:}zﬁ Bﬁ.‘ﬁ‘: "‘}f”;;"t:;{ = "\‘ = s'f’:,’:- Page No.:
503080 g wial amel il i
| K\%ﬂ; industsial and Gfshore Division 5

s

A,

Fi

The aim of the D I-resume for the concrete structure is to
ESLabLlSh a basis for plaaning inservice insmection

programs in order to:

maintain the NPD-approval in the operation phase of the

nlatform

provide assurance te E1f that plat form will perform

safely in the operation nhase

DFI~resumes for TCP 2 deck and gas riser pipes will be

prepared separately by DnV.
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2. DEGIGN RESUME

mn
)

.

b

enera;.

Main dimensicns of the concrete structure are shown in

Fig. 1. The structure is designed, built and insta

.~ 1
l Norwegian Contractors. Apart from the condensate storage
tank in shaft 5, the platform is filied with water for

A

ballast onlv and no plans are kncwn for future hydrccarbon

-‘

storage in the structure.

o

~J

w
§

Construction period (Andalsnes): January 1

i

Towing to Frigg: June 1977
Positioning and installation at Frigg: 22.6.77

Underbase grouting: finished &,7.77.

Position at Frigg Field site:

o

N: 59° 52' 48, 446"

C

g;: 29 3' 59, 536"

The orientation defined as a line with direction from cell

, o -
ro. 9 to cell no. 15 is 29 west of true north, refer to
fia. 2.

Positions of the risers are shown in Fig. 2. DFI for the
risers will be worked out separateiy. Pisers R1, R2 and R3
were successfullv installed throuch tunnels T1, T2 and T3

shown in Fic. 4, Note that all risers are located inside

3

PEY BN UG- - PON NN AEy- 0N O

shafts 3 and 5 in the srlash zone.

i

iy Foundation slab:

. . . a LT i

Foints/areas on the cantileversd frundation slab

M
identified in the genecral X-Y reference gvstem

\

e Qiuon on Fia. 5. . ' . ;

4
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An area on the cuter surface of the outer cell

walls may generally be identified byv:

- cell number

- upper and lower boundaries
given as absolute levels relative
skirt tip elevaticn

- wvalues of the coordinate a measured
from the intersection between cells

in anticlockwise dirscition, see Fig. 5.

Example: CELL 10 =--40,50 - 10,20

Cell number " N2 Sl 82

Star cells

S star cell is identified by the symbol V¥ and the
number of the surrounding cells.
Example: ¥ 1-6-2

A starcell wall is defined in the same way
Example: W 1-6-2, means wall of cell 6 adjacent i
to cells 1 and 2.

An area in the uppcr domes is generally identified
by the symhol BROME, cell number and number of relevant

sector, see FPig., &,

[al

Example: Do S.1 which definag the 60 dadrees
gsector in cell no. 2 adiacert to cell uao.

-l

and ne, 9,
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The exact location on a dome could also be given

by polar coordinates relative te the center of

each dome and angle qiven clockwise as positive

LB

with reference axis corresponding with the

x=-axis in Fig. 6.

-
L]

5-rad:ms i andgle

aME -7 8,45-32°

o -
o
f1e
o

v) Shafts

‘

An area in the shafts is identified by the notation

SHEART number, upper and leower clevations and

values of the distance &, see Jia. 7.
Examnle: SOAFT 3 - 20,50 -~ 10,20

2.3 Environmnental data

Water depth = 102,20 m (LA

e
=

N BN BN BN BN PN P

Design 1l0C-year wave: Height = 2%.0 m
I Pericd = 16.0 sec
: Operating wave: Height = 20.0 m
.' Period = 13.0 sec

- In order to investigate the reduction in overturning

moment on the caisson due to cantilevered slab, the design |

l 100-year wave has been investigated for the periods:

14, 16, 18 and 20 secs. It has been shown that the total
overturning moment on the vlatform is reduced 25 - 30 % !
due to presence of the cantilevered glab comnared to the

standard Condesn struchure.
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Storm current profile:

-

1.35 m/sec at the water surface
0.70 " 30 m below.water surface

0.30 " at sea bottom
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2.4.1 Environmental loads

— - o ke iy e ey e o

Loads on structure due to waves have been calculated by

Norwegian Contractcrs for different wave angles aund phase

angles (see reference system Fiqg., 8}.

Loads due to wind and deck lecads have been calculeted bv

Kvarner Engineering, respcnsible for design of deck.

Wave angle direction used in the static finite-element

C o
glcokal analysis is 5.= 1207, Forces frcm deck loads are

conservatively c¢onsidered to act in the same direction.

A summary of total loads is given in Table 2,4.1 and
Table 2.4.2.

. ., . G .

-

¥ P

| -
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. TABLE 2.4.1  TOTAL MOMENT AT MUDLINE (KNm)
" &= 12¢°
I 280 300 320
. aves 6485000| 7184220 7221170
l | Pipes 43130 99420 199280
Wind 718950 718950 718950
I Deck leoad
5 1096890 f
Live+rdend 1096890} 1096890 1096890 |
| |
I Dyn. ampl. 648900 718422 ! 722117 |
- 1
'_ | sum: 19 996.87019,817.002 | 9.958.407 |
) TABLE 2.4.2 TOTAL HORISONTAL FORCE AT MUDLINE (KN):
& ”~
i A = 120°
l Phase
angle | 959 300 320
l Type
of loading
I Waves 464530 431780 549130
i Pipes 270 680 1550
Wind 6060 6060 6060 1
i
l Deck load - - |
7 115 1571
Live+dead 11570 70 11570 |
|
l Dyn. ampl. 46453 43178 34913
, | |
. ST : 528,883 | 493,263 | 4n3.223 | I
i
-~ ]
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2.4.3

Note that 10 % dynamic amplification of wave forces
¥ I

is accounted for in the above tablas.

Model tests for TCP2 to verify calculated wave forces
were not recuired as the correspondance bhetween calculated
and model test wave forces is well established by tests

on the prévious 4 Condeep Platforms.

—

Hydrostatic_loads

Maximum external hydrostatic pressure on the structure
occurs at subme.gence for deck mating and submergence ftor
installation at Frigg Field site. Maximum net
hydrostatic pressure = 102 T/m2 and ocrcurs Juring deck
mating. However, for reasons given in 2.6.5 internal air
pressure was introduced to limit maximum net hvdrostatic

pressure to approx. 60 T/m2,

In platform operation phase the structure is subiject to &
2

permanent external hvdrostatic coverpressure = 25 T/m

a

7
main Feature of the Condeecp Platform type. (See 2.¢.5).

Other_loads_

S . . w — ——

Loads on structure due to collision with floating objects
are assumed in accordance with DnV technical notes

A 6/5 (see 2.5.1).. Load due to shock rressure from braking
waves on the columns are assumed in accordance with DnV

technical note A 6/1 (see 2.6.1).

These loads are calculated by Ing. Grgner {(NC'!'s structural

consultants) and are described in more detail in 2.2.5.
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- 2.5 Foundaticn soils and seared conditions
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As consultants to Norwegian Contracters, Norweaian

Geotechnical Insitute (NGIJ is responsiblie for the

geotechnical documentation. The documentation has been

accented by DnV.

1

2.5.1 Soil TDVGStTﬂa;lOHQ

The thickness of top sand layer varies from 1.7 to 5.0 m,
estimated average is 3.0 m. The sand is classified as
fine the medium. The underlayving soils consist mainly

of clav down t. abeocut 80 m. As w@eer from MNEI-drawings
Figs. 9 and 10 the stratigraphy is conplex, and the

following profile is an idealized aprroximation:

Darth Soil type

C - 3m sand

3 -1l m clay (overconsolidated)
11 =20 m sand

20 -80m clay silty

80 m - sand '

For stability calculaticns the assumed undrained shear
strength profile is shown in Fig. 11, These values are
strength prior to cveclic loading. For the upper clay
layer the reduction in undrained shear strength has been
taken as 20 % for the case that the strain developed by
the cyclic lecading has been i 3 % (linear strength
reduction in strain range 0 to + 3 %). The top sand is
assumed to have a relative density of 85 - 100 %

and a friction angle ecual to 387, uUnit waight of top

. 3
sand is 1.0 t/m”.

Il N B B A I BE-En«EE- BN B BN B
... i | . ; " H B B . b1 - r 1 — i H
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Assumed soil parameters for settlement calculations

are shown in Fig. 12.

For penetration and contact pressure calculations the cone

tip resistance in the upper sand layer is assumed in the

design to be

Depth (m) - ge (t/mz)
0 o
0.5 600
1.0 1109
1.75 1500
3.¢0 1500

For this analvsis the angle of internal friction in to

sand is assumed to be 40 - 430

Sea Floor conditions

———— . it A ol . W

According to bathymetric map rev. August 1975 from
SCOP OCEANGRAPHIE the sea floor is sloping 1:100

(downwards} towards NNW as shown

F=-

-

g. 13.

1]

}J.

n

-

From "Intersub Bathvmetric Survey" local dive 20.3.75
the sea flioor was assumed to be relatively £lat, i.e. no

significant local spotheights.

Geotechnlcﬁl calculat1ons

The geotechnical documentation ig prepared by NGI
according to summary list of documentation in Fig. 14,
From calculations for platform operational phase the

following is guoted from NOT:
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- Minimum submerged weight of platform = 160.600 t

Al
*

If ¢one shaft (3 or 5) is.emrtied the reduction in min.

subm, weight will be 20.000 t

jol}
jab}
L

Safety against sliding in upper

- ; - )
El -

Safety factor

N

Recommended design prefile 1.91 (1.98)™
(Ref., Fig. 11}

H

Lower bound profile
(Ref., Fig. 11)
q:§= 9.5 t/m® instead

of 11 t/m“ in top clav layer

1.60 {1.72;}

Safety against sliding in top sand:

Platform submerged | Average £xCess pressure Factor of
weight (t) assuming radial drainagei safety,
' sliding
160,000 3.2 t/md 2.0 (2.0F
140,000 4.4 t/m’ 1.5 (2.1) |
120.000 6.4 t/m” 0.9 (1.8
} -
by

‘Numhers in parantheses give calculated safety factors
<l

i exoess pore water pressuare due to cvelic leoading

I S N G A A . e
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It should be noted that the presence of circular
skirts under the calgson rcells and along the perphery
0f the cantilevered slab is not considered ‘n the
calculations leading to the above factors of safety.
The skirts are built to ensure stability of platform
during and just after installiation. After qrout_ng

under platform is completed, the effect of skirts

are not accounted for in stability calculaticns, and

are then to be regarded as secondary structural elaments.
However, the integrity of the steel skirt along the
cantilevered slab 1s considered desireable

for confining and protecting the mass of grout mass
inside that skirt.

It should also be noted that the ahcve safetv factors
assume no seabed material to be remcved bj scouring,
{(see 2.5.6).

Settlement:

- Immidiate settlement . : 8 cm
(at application of load, also
including consclidation settlements
in sand)

- Primary settlement : 10 - 15 cm
(time deperZent on dissipation of

pore pressure 1 year after installation)

- Seccndary settlement ‘ : 20 = 30 om
(residual settlement in platform

life 1 om/year in 20 - 30 vears)

Total sattlement - 33 ~-53 om

'
i
|
i
i
i
P
]
!
i
i
1
i
1]
3
¢
!
8
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During wave loading especially during storms the

foundation 50115 helow t nlatform may build up internal
water pressures, AS such pressures will reduce the
capasity of the foundation, a drainage system has been
installed cn the skirts and dowels of the platform.

NGI has desighed the system and it is described in
NGI-report 74810-1 dated 18.5.1377 "antiliguefaction
system operation manual”. Location of wells is shown

on Fig. 16. For operational details reference is made

to the above NGI-report and to NGI's letter RKJ/Sob
dated 20.9.1977 (Enclosure 1),

Tt should be noted that the flow of water from the drains
does not necessarily express the efficiency of th
anti=-liquefaction system. The impcrtant parameter to be
monitored is the pore water pressure build-up especialily

during storms. Such monitoring will be made vrimaril:

tn

by deep and shallow pore pressure san=sors (See par.
but may also be made by means of the drainace system

(Refer to above NGI-report par. 4.4).

Plans for installation of scour protection .in the
corridor between TPl and TCF 2 in October 1977 have been
submitted to Dnv; termed phase 1 of scoux protection.

E1f has indicated that plansg for a phase 2 scour
protection around TPl and TCP 2 will alsoc be submitt ed.

As per today it is reason to believe that the pianned

scour protection will not be installed until summer 1978.

Problems with scour.are certainly observed around TPL,
and discussions are orasently going on recarding
conditions to be fullfilled if installation of scour
protection in TPL - TCP 2 area is postponed till

summer 1978,
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. Scouring around TCP 2, especially in the area between
TPl and TCP Z, for inservice inspection bhoth in the short
an&'lonq term,
The pléns for phase 1 scour nrotection, as Jgiven in
Elf letter dated 10.9.77, are diven in Fnclosure 2.
2.5.7 PBlatform deck level
The determination of lowest level of platform deck is
the resulc 6f environmental conditions, platform
irstallation and geotechnical doclmentation. For TCP 2 the
distance between tip of steel skirts and underside
of lowest deckgirder is accepted:
Lat 102.5 m
Uncerxtainty 0.5 m
Penetration _
lower domes 0.5 m
Settlements 0.4 m
Wave crest 16.8 m
Storm surge 0.6 m
Extreme tide 1.7 m
Caisscon effect 2.5 m
Alr gap 1.5 m
Subsidence 0.5 m
teel skirts {(fig. 1) 1.7 m
Extra uncertainties 0.5 m
SUM 129.7 m f{i.e. el., + 12%8.70)
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2.6 Structural analysis and design

2.6.1 Design Criteria

The structural design and construction of the concrete
structure have been carried out to comply with the

following criteria:

A. NORWEGIAN CONTRACTORS/ Elf-Norae A/S, Frigg-TCP2
GR@NER Concrete Desion Criteria
dated 14.11.1974.

{Enclosure 2}
These criteria are based on the Norwegian Standards:

NS 3473 ' Norweaian Code of Practice for desion

of concrete gtructures,

NS 3474 Norwegian Code of Practice for

censtruction of concrets structures

B. ELF-NORGE A/S Specifications for encineering,.
Precurement and construction of Frigg
Treatment & Compressicn Platform no. 2
(TCP-2) June 1974,

C. DLT UORSEE Concrete design criteria.
VERITAS . .
Snmecial reguirements f{rom Dn¥
(28.11.1974) (Enclosure 4)
For DnV approv of TCP 2 concrete structure on bebalf
of WPD, it is assumed bv DnV that where discrepancies

exist between the specifications A and B and C, 2 is valid

before A and ¢ bafore 2 and B.
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Guidance to the use of lcad factors for ULS-design

ag given in the above DnV-criteria is given in

Minutes of meeting 8.4.1975 (Enclosure 3}.

.
—rt

In accordance with recommendation from DnV, NPD has

1

accepted a deviation from NE 3473, par. 5.2.4
regarding shear capasity of concrete in sections

subject to shear and axial tension. The principle

set out in ACI Building Code (ACI 318-~71) section

| © 11.4.4 is accepted as basis for the deviation.

‘The following criteria are acceptéed for Dywidayg

..-l-
l._l -
P.
Pt

prestressing bolts (St 110/125) used for

transition concrete shafts/steel deck:

a) * Tensioning: Bolts to be overstressed to

85 % of vield strength without tightning nuts
Then decrease force to75 % of vield at tightning
of nuts. (i.e. 0.75 fy = locking stress)

2-3 minutes after unlcading of jacks, tension

bolts te 0.75 fv for retighitning if necessarv.

b) ' Operating condition (operaticnal wave): 74

Compression of the whole area between the steel-

deck ringbeams and concrete shafts.

¢) Extreme Condition (l00-vear wave), SL5: !

==

th
oo

ximum

tensile stress in bolts = 0.7 fu or 0.8

d} Extreme Condition {(l0C-vear wave), ULS: same as

c).
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_ It should be noted that in DnV's opinion the steel

guality chosen £for the Dywidag bolts is vuluerable

to stress corrosion and brittle Fracture and

at the design stage DnV/MPD has accepted the bolts

provided periodic inspection by Ultrasonics £rom

the top is carried out. Refer tc DnV-telex no. 7786

dated 11.5.1978 {Enclosure 5), Pzfer also tc

par. 3,1.5, ii. ' ‘

-~ ELf has reguired the platform to be designed for
the lcad combinaticn "loss of hyarostatic
underpressure + extraordinary environmantal
ioad=". A load factor of 1,05 on all lcads is
used in ULS and stress in reinforcement to be
less than 260 N/mmz.

DnV/NPD has not required the platform to be

designed for this load combination provided

b
(28
W

vérified that PLS {progressive limit state) is

not rrached by such load combinaticn,{(Refer to DnV

relex no. 871 dated 21.1.76 Enclosure 7).

The following DnV Technical Notes are used

as loads criteria:

A 6/5 "Offshore platforms - impact loads from boats”

{Enclosure 8)

A 6/1 "Gravity Structures - shock pressure on

columnns"

(Enclcosure 9)
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. 2.6.2
" Concrete:
. Class C45 (according to NS 3473/74)
l. 28 -+ days cube strength = 45 I--I/mzi?;2
'_ The concrete mixes in itahle 2.5.2., were nroposed by
' Groner-Noteby {(consultants to Norwedian Contractors on
materials and quality centrol) for the main parts of the
'" structure. The propoged concrete mixes resulted from
g extensive testing on trial mixes to:opitimize the
l- recquirements of workability, strength and durability for |
. ; the various structural parts.
:
"’ TABLE 2.6.2, Ccncrete Mixes
l | ] N
, Structural | Cement Sand (0-10 mm) [Coarse Acor.|Water Admiz-  glu~| Alr 2 '
'_ Part PC 300 DALEN|Veblyngsnes  |(10-25m) {L/a” |tures o | cont
kg/m Yoy /m ¢ Landet Betckem Hm % |
- kg /m LP/E;/L |
] ) |z SR
. Concr. ?
l skirts 460 8GGC 980 185 16/2/- 10
Lower
l domes 42¢ 800 9340 180 {6/2/= 14 1
Cell
l walls 430 £30 884 180 !3-6/-/- P-l2
Upper »
domes, A 460 500 980 190 16/2/~ B=1D
l B 430 790 970 195 [6/2/=- |L0-14 §
l‘ Shafts 480 791 {970 190 (1-3/-/0.1 8-L 4
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.Concrete specification requiremsnts:
- air void content in splash zone : 4 - 6 2%
- water/cement ratio :
- submerged zcne i -« 0,45
=~ splash and atmospheric zone : < .40
For additional requirements raference is made to
"Elf~-Norge A/S Frigg TCP 2 - Concrete specification
Part II - Construction"  dated February 1975,
Steel skirts:
Outer skirts ! Rst - 42 ~ 2
Inner skirts ¢t DRst - 37 - 2
Reinforcement:
2 1
KS 40 (Yield strength = 400 N/mm“)
Prestressing_steel:
FREYSSINET 12 T 15 post-tensicning svstem,
The 12T15 tendon is made up of 12 strands of 0.6¢ {15 mm)
diameter. Each strand is made un of 7 wires of 5.1 mm
. n 2
diameter (Area of strand = 143 mm~)
. : 2
Yield strength of steel (fo 2} = 1566 N/mm
Breaking strength of s+teel (fu) = 1783 "
Post~tensioning anchorages: !
Active anchorage Freyssinet type L2 TTS (naodel 294)
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2.6,3

‘theory of elasticity using finite element models. The

Passive anchorage STUP type 12 T15 and 12 T15 A.

For Dywidag bolts used in deck/shaft connection, see Z,6.1.

Grout batch weight:

Coment : 100 kg
"Water : 40 litwer
Admixture : 1.5 % INTRAPLAST B or 1.5 %

BETOKZM IN (B)

The detailed structural aralysis is based on linear

analysis results are used directly in desion without
considering redistribution of forces due to cracking
of the concrete. Normally this approach will be

on the conservative side with regard to design of

reinforcement in areas with pronounced stress peaks.

Table 2.6.3 gives a summarv of the main finite

element models that has been used in structural analysis
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TABLE 2.6.3

Tinite element !FEM Date of Main basis for

Model Program output design of

listing

1: 1/12-sector }Seasam 69 24,6,75 Lewer dcemes and
-analysis. NV 332 start of cell walls

(/S Carputas) Toe be verified by
Fig. 17 globalanalysis,
.
2., Global Nastran 17.9.73 Caisson up to el.
analysis (Control +16.31, in
Data Sweden combination and as
Fig. 18 AR) 'verification of
{1/12-sector anal.
3. " " 21.11.75 {Upper part of
caisson in combin-
ation with ASKA - i
25.2.76 seament symmetrical
(control nonsvmmetrical and
run) local analyses l

4. Segmentsym=—- | ASKA - 4,2.76 Base of shafr 1,
metrical upper domes and
analyses (IKOSS) upper cell walls

in combination with
Fig. 19 global analvsis
®).

5. Non-segment-{ ASXA 10.2.76 Base of shaf+t 3 and
symmetrical . 5, upper domes and
analysis (IROSS) upper .domes and

‘unper cell walls in
Fig. 20 combination with
global analvsis

6. Shaft/deck Stardyne Shafts, especially
frame {Kverner) upper parts and
analysis transition to steel
Fig., 21 deck

’ - . S - - {" - - = - N P N )
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The ASKA'4'analyses are based on input frcm the

global analvsis and the Kvarner - analysis of shafts.

For main input description to the global analysis

reference is made to the following documentation

from Ing. Chr. ¥F. Grgner A/S (structural consultants
to Worwegian Contractors): '

"Global analysis - load cases"” revised 6,3,1075

"Global analysis - load combinations" revised 17.2.1976

The various analyses have ravealed stress

concentrations in the following areas:

- intersection cell walls/lower domes (el. +6.07)

" i "

/upper domes (el. +42.,70)
" between cells

- areas in upper domes adjacent to shafts
~ base of shafts (el. + 45.52)

- top of shafts at transition to steel deck
(el., + 129.70)
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The dynamic analvysis is carried out by
Norwegian Contractors (Hgver-~Ellefsen) and the

main reference documentation is:

(1) STF 60 F 75042 “"Report no. 5 - Dynamic Amplification
factors" dated 16.4.1975,.

(2) H-E report no. 7502 "Dynamic analysis of the ELf/
Frigg TCP 2 platform" dated
1.8.1975,

(3) H-E report no. 7523 "Elf/Frigg TCP 2 Dvnamic
Analysis III" dated 26.9.1%75

Report (l) was presented as documentation of dynamic
amplification factors {(DAF) to be used in the wave load

= 1.05
was accepted to be applied to the glcbal forces at

input for the static global analwvsis. Onlv the DAF
mudline,

Report (2) gives the results from zn analysis on an
improved model of the platform to calculate dynamic
effects for

- the maximum wave loads

~ fatigue analysis

Report (3) is an extension of Report 2 taking into
account

- geomatrical soil daming reduction by 50 %

- a lower and upper bound on the scil shear modulus

for the shorter wave periocds (near resonance)
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From the analysis the first rescnance period (lowest mode)

is given below dependsnt on an upper and lower

|y

bound for scil sghear wodulus {(&):

A

G = 2000 t/in? I G = 4000 t/m?

First resonance ' 2 9 i

period (secs)

Based on the above reports CnV has accented the followine
DAF's for the various parts 0of the structure on the
assumption that the most conservative factors are chosen
for each of the G-values the calculations have

been performed for, and that transient affects have

been added for the design wave:

.'
¥

| e - 1
DAF Wav e D;rlcd _%
2.16 4 - 6 g 11.2 14 x)
!
DAF shaft top 7.89 | 1.89}1.12 1,12 {1.17 1.23
DAF shaft bottom 12.93 {1.31]1.051.04 [1.00 | 1.69 |
|
DAF mudline - - - - - 1.058
;

1

x} 100-year design wave

These values used in the fatigue analvsis for the structwre.

The dynamic model and datea used in Renorts {2} and (3}

are shown in Enclosurs 10,
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2.6.5 Desiygn
2.6.5.1  Concrete cover to reinforcement:

M v e N aa T M A T —— et T e o= ot et Tl o T — T

below @l.

+65.70fTh akove el.SS.?d

Minimum cover to

F

ordinary reinforcement 7.5+ 1.0m 8.5+ 1.0 m
Minimum cover Lo i0 cm 10 om
prestressing steel
Jducts
Construction Tolerances:

Reference is made to "Concrete construction

revised 9.5.1977 (Enclcsure 11)

Norwegian Contractors. This docw

all parts as a standard for construction and Lo be

accounted f£or in design.

Cell wall stabllltv

The stability against buckling

subject to external hydrostatic

checked by Irn3. Grgner in accordance with NS 3473,

secticn 5.5 assuming the critical number of buckling

wavaes for the cylindrical shell

Conseguently Luckling lengths may be calculated.
The check for stability is essentially a check of
capasity in ULS showing that computed strength is

larger than the sum of load effects. The load effects

are:
i} Moments and forces from global analysis
1il) Moments from assumed imnerfeactions (vef. to

concrete constiruction tole

tolerances"
submitted by

ant was accepted by

of the cell walls

pressure has been

n = 3.

nces above)
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—MNerwegian Contractorn and DV _sghows stresses ir

iii) Moments from structural deformations computed
from the relaticnship between stress and strain
in NS 3473 section 4.5.

PnV has carried cut an independent analvsis with FEM-
program CONFRAME taking account of material non-
linearities. 2nd order effects and true cracking

development in reinforced concrete members.

Both analyses verify stability of cell walls at the
planned maximum ext. hydrostatic pressure during

.2
deck mating and installation at Frigq (pmau = 102 T/m™).

However, the max pressure was never attained, as internal
air pressure was introduce to reduce the net pressure

to about 60 T[m2.

Internal air pressure

As mentioned in 2.5.3 the elastic FEM-models are normallv
a conservative basis for design. However, somewhat

late in the platform desiagn and construction Dnv proved
the design approach sc far used for the transverse
reinforcement between cells {see Fig. 22),based on the
global analysis/to be in-adequate. By detailed FEM

models it was shown that the transverse reinforcement
provided would be stressed beyond yiel& when the

platform was subject to maximum external hydrostatic
pressure during deck mating and installaticn at Frigg.
Emptying shaft 3 was also critical in this respect.

The reason for this situation is the inadeguate local
modelling of the global analysis in this area to
represent truly the aoffects of the "caisson-effect”

being typical to the Caisson Structures. (The "calsson-

effect” is simrlv the restriction put on ithe caisson
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_ _ _ ‘ cells to deform
by the stiff membrans fepresented by lover and upper
domes, which leads to considerable local tension
at the location of the transverse reinforcement?,

Bue to risk of excessive and uncontrolled cracking
{(indicated in Fig. 24), DnV laid down requirements

T in Novémber, 1976 for limitation of the net water

pressure during the critical operations. As the

construction had progresSed bevond any pcossibility

‘0f increasing the transverse rainforcement, the proposal

of use of temporary internal air pressure as a remedy
was made and accepted by all parts. The level of air

pressurisation decided upon wculd reduce max net
pressure from approx 102 'I‘/m2 to approx 64 T/m2 in
the caisson and is documented extensively by
Norwegian Contractors. The pressurisation levels
during deck mating, towing phase and installation

Phase are given in Figs. 24, 25 and 26 and was accs :ptead
by all parties.

Norwegian Contractors and DNV showed stresses in
transverse reinforcement to be well within the elastic

rauge during maximum loading phases, and also to
fullfill SLS-criteria for allowable stress and

crack widts in platform operation phase,

TV-inspection was made at Andalsnes aicer compleaeticon
of deck mating, and no cracks were detected in the
star cells,.

As this matter was somewhat controversial i+t iz |
recommended that a moderate inservice inspection in
the star cells is carried out. Levels of highest
Stresses in transverse reinforcement is el. + 10.00
to + 14.00. ‘

[
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" The platform is originally desicned for the loadcase

emptving shaft no. 3. With reference to similar

al
4

problems during empiying as mentioned above regarding

the transverse reinforcement, El1f required an internal

. A
concrete ring to be bilt inside shaft no. 3 (Fig. 25).

The emptvying of shaft 3 was accepted by DnV without

the internal ring.

As shaft no 5 is designed Lo the same
gtrength as shaft 3, DnV has also accepted emptving

! shaft nc. 5 on the conditions given in ocur telex
no. 101669 datec 28.10.77 (Enclesure 12).

‘

-
A

The emptying of shaft 3 and 5 will be carried out to
facilitate inspecticn on the risers and J-tubes locatad
in the shafts.

Fatigue

juasipemt grany

For base of shafts fativue calculations are carri=d

o e mE

out in accordance with criteria given in 2.B.1, mainlv
based on the method given in E1l£/TNO - speciiication
"Fatigue strength procedure for concrete offshore
structures” report no. B-75-304/04.2.3043 dated
30.10.75.

-
+

The fatigue calculations for base of shafts show
a low usage factor as represented by Minor's sum.
The calculations include dvnamic amplification
of wave loads

Shaft 1 Minor's sum f(ﬁ}l = 0.0005 (50~year meriod)
. L T - ,

Shaft 3 Minor's sum L{ﬁ)3 = 00,0004 (50-vear period)

Shaft 5 Minox's sum E(%) = D.0008 (S0-vear period)
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8.7 . ;
n = number of waves (= 10’ in a 100-vear period)
N = allowable number of waves according to faticue

calculaticns using Wdhler and Goodman diagrams
for concrete,

The calculaticn shew for the con

t")
H
rf

ete section at

base of shafis:

For operating wave load (SLS): campression over full section
For 100-year wave lcad (SLS): minor +ension zones

The base of shafts, section pl. el. +45,52, is conzidered
to be well A:xsigned, but as the structural parformanc

of these areas of major importance of the inteority
of the whole p.atform structure, they should be given

special attention during inservice inspecticn.

A water cooling system in shafts no 3 and 5 has been
desigred in order to limit temperature loading effects
on the structure due to heating of water in the shafts
by the hot risers.

The cell/shaft walls of shafts no 3 and 5 are designed
for a temperature gradient of 8°C, i.e. temperature

difference bhetween inside and cutside of shafts = BOC.

The water cooling svstem is based on natural circulation
of water through holes in shafts 2 and 5 shown in Tig.
27 and 28, To facilitate closing of holes for emtving

of shafts, special valves are fittod to the slesves

en the inside of shafts, see Fig. 20,

I v v .
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The temperature &difference dient) over the shaft/

(ra
cell walls in shafts 3 and 5 are to be checked during
inservice inspection.

Underpressure_in structure idraw-down):

A main feature of the Condeep structure is the
underpressure in the whole structure eXcent in shafts
no. 3 and 5 where water level is equali o external
sea water level. In TCP 2 the draw-dcwn is 25.0 » and
is controlled by the over flow svstem, simply one
standpine from each cell filled to el +80.00 and
emptying freely into the annulus of shaft 1 at

elevation +81.00 if water should rise in the nipes.

As shown in Fig. 30 the pipe inlets in the uprer dome
of cells is at el. +44.60 and top peoint inside dome
is at el. +46.80. Consecuently a comoressed air
cushion is trapped in top of dome with volume approx
44 m3 under a pressure 35,4 T/mz. As this air

may dissolve in the water and escape throuch overflow
pipes, reducing the water levels in overflow nines
and hence increasing the draw down, the waterlisvel

in these pipes should be checked during inservice
inspection of the structure to ensure that itended

draw—down is maintained.

As mentioned in 1.4.3 and 2. 5.1 DnV technical notes
A 65/5 and A 6/1 are taken as criteria %o calculate

and design for these loads.

e
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Platform to be designed not to suffer anyv damage

from conllision.

Design c¢riteria:
- Dboat with displacement = 2500 t
~ boat speed = 0,5 m/sec.

added mass: 40 % of boat displacement

1

Resulting load = 634_tons, for which the columns
are designed in combination with other relevant
. loads, including loads from waves with max

height = 3.9 m.

fotion energy taken up by boat = 90 % (calculated)

Motion energy taken up by shaft= 10 % {calculated)

11}  Agcidental condition

Platform damage is accepted to an extent not

leading to progressive ccllapse of platform.

Desgsign criteria:

same as for operational, but with becat velccity

= 1,5 m/sec.

Resulting calculated damage: hole in the shaft

wall with diametrer approx. 1,5 m.

It is shown by calculations that a shaft with a
hole diameter anprox. 7.0 m still has capasity

to withstand other external fForcoeco.
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Motion enerqgyv tzken by beoat 2 50 % (assumed)

Motion energy taken bv shaft : 50 L (assumed)

Shock_pressures:

n e - ma —  a E_.  h md

Load from shock pressure due to braking

waves has been calculated to approx. 623 tons,
i.e. of the same magnitude as collision load

(opeational phase).
Refer to Greéner's calculations:

Part XII Cl "Impact loads from boats. Shock
pressure from waves" dated 29.4.76.

Part XII C2 "Impact loads: Accidental loads™
“dated 21.5.76.

=t e e . s o o 2

Prestressing with materials described in 2.¢.,2 is
used at the following locations:

i} Cantilevered slab (el. +3.00)

Prestress radially mainly to ensure reguired
fixing of steel skirt at tip of slab.
Distance between cables = approx 50 cm.

Prestressing and live anchors at tip of slab.

ii} TIntersecticn upﬁer domes/cell walls: {sl. +43.00)

Prestress circumferentially bv 5 cables
anchored at anchor blocks an each cell and in

the starcells as shown on Fig. 31.
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1ii) Condensate tank in shaft 5 (see Fig. 1}

. Tankwall is prestressed verticallv and
circumferentially and dome is prestressed
radially in order to fullfill the criteria

. 2 .

of 0.5 N/mm”~ at the following nressure load:

Internal pressure head : o el, <+ 135.00 m.

External pressure head tel., + 90.00 m

Cables in dome o 8TUPR 12 &7

Cables in ring beam : 127 15

Cables (horis}) in walls : 12 & 7

Cables (vertically)

in walls : Steel type DJF 110
26 mm dia, bars

iv)  Shafts

The shafts are prestressed
12 T 15 cables. All cables

and stressed internally in

vertically by
are anchorad

the shafts at the
following elevations:

Elevations

Shafts
1 +35.00 +30.50 +26.50
3 +36.50 +32.00 +27.50
5 +33.50 +29.00 - 424,00

The anchorage zZones at these elevations are
formed as continous rings inside shafts as

shown in Tig. 32.

Conditien of the anchorage zone should be
check visuallyv inside shafts 3 and 5 when

these are empticd for inspection of risers.

Main purpesez of vertical prestressing of

shafts is Lo ensure section at hase of
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shafts (=21, +45.%2) to be in compression
for all wave loading in SLS {see 2.5.2)
Number of cables in section +45,532;:
. ————
- Shafts 3 and 5: 186
- Shafts 1 : \#121;5
The numker of cables are terminate
gradually by dead anchors in accordance
with Figs. 33, 34, 35,
60 cables in each shaft i1s anchored a*
top ©f shafts {(2il. 4+ 129.40) with "Live"
anchor blocks to facilitote stressing from
top 1f necesgsarv.
2.7 Corrosion Protection
Detailed evaluation ¢f the corrosion nrotection design
on the TCP 2 has been carried cut on the riser system
including J-tubes, supports, tunnel spools etc.
See separate DFI-resume,
2.7.1 Cathodic nrotection:

The main princivlez for corrozicn protection is civen in Secco
"Note on Corrosion Control and Cathodic Protecticn Svsten
of the Steel Structure" of 15.5.75. & welded rebar

system is installead for the purrose of electrisal bonding .

as shown in Condeep drawings UC, 330-1745-00-011-012.

The concrete reinfeorcement is protected

against ¢orrosion by the concrete cover, and the

1
|
!
i
i
|
H
i
i
)
|
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Prestressing system and bolt connection between deck

and cclumns by grouting,

Calculations on the cathodic protection des.gn critiria
and sacrifical anodes.for the steel skirt are alzo
described in the above mentioned Secco note. The critreria
used are:

Current density requirement for barz steel:

- in sea water 130 mA/m3
- in mud on zea bed 30 "
~ in grout ’ 20 "
-~ in sbund concretea . 1 "

Blectrical resistivity:
- in ska water 30 atm cm
~ in mud on sea bed 150 "

- zinc anodes, U.S. mil. Srec.

180061 H 11,85 kg/A year
- anode lifetime o 20 years
~ anode utilization factor 80 %

The cathodic protection system is designed with extra
anode capacity on steel skirt and connected pipelines
for delivery of current to the concrete reinforcement.

During construction it was observed that some sacrifical
anodes un built-in steel items were consumed to a much
higher degree than expected according to the design
calculations. New desidn calculations were carried out

by Elf/Secco/S0lus Schall and 500 kg's additional zinc
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ancdes were installed externallv on domes and internally
in columns 3 and 5. See DFI-resume on the TCP 2 risaer
system,

.7.2 Coatings

Epecifications for coating of steel parts are

- E1lf Standard Specification S.G. P 07

"Coating for Marine Structures", March 1975.

- R I aE = B B
[y 3

~ Elf-Norge "Frigg Field Painting Specification for
Steel Structures", March 1974,

-
]

~ Elf-Norge "C.S.T.P. Coating Systemns for Steel
Structures of Phase IT" D.E.P. 1052 No. 5 - 428,
QOctober, 1975,

Kvarner Engineering "Coating-Specificatoins Ballast
System TCP-2 Frigg Field", 8.3.1975.

Other coating specifications for items related to the

riser system are listed in the riser DFI-resume.
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Main items to be coated excluding the riser

system are
the Steel deck and transition zone deck/concrete shafts .
sea water piping systems, pump casings, mooring EYStem,
platforms etc. internally in shafts, and temporary

embedment plates..

Some coating on items in top of shafts and on deck

remained to be finished when the TCE 2 l1l«ft fndslsnes.

The temporary embedmeni olates outside the shafts ahove
elevation 485 m were decided to be coated, and plates
inside the shafts above + 75 m for shaft 1, akove +85 m

or +95 m for shaft 3 and 5 and plates above + 75 m outside
cell 20,

For coating of temporary embedment plates Beitokem epoxy

P2 was used.

Areas for_ inservice inspection
Special attention should be given to anode consumntion
and current distribution from additional sacrifical

anodes during future potential measurements.

Observed cracking in concrete cover in transitional zone
between steel deck and concrete should be given close

attention in future inspection.

The point ceoating on items of importance structurally
or regarding safety, especially an underside cof steel

deck, should be maintained in good standard.

o d
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Detailed evaluation of the sea water pining svstems
corrosion protection has not been carried out. A report

on the as built situation has been reguested,

The possibilities of internal corrosion in process piping

and equipment on deck should be investigated in connection

with such investigation on risers and pirelines on Frigg.

Concerning the possibities of corrosion on concrete

reinforcement, attenticn should primarily be given to

internal and external tidal/splash zonaes, great depths,

1

cracks in concrete cover, embedment plates, and

anchors for prestressing cables.

‘
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3., FABRICATION RESUME ;
3.1 COHCEEE&WGE&L%EV
3.1.1 HMaterials data
: 60,000 m°

Total volume of concrete

13,500 ton=s

L3

Total weight of reinforcement steel

[¢1

Total weight of prestressing steel 1 533 ton

From tests:

4 2
107 N/

Modulus of concrete : 3.77 x
Poissons ratio s 0.22

Rir content in snlash zone:

The alr-veoid characteristics of the Zolliowing concreta
mix used in the shafts above el. +85.70 (spissh zcne)
has keen tested 'at NTH-Trondheim?

Shaft cconcrete mix:
Cement (PC 300 - Délen} : 480 kg/m3
sand (0 - 10 mm, Ardal) ;790 kg/m°

Course 2ggreqg. {(10-25 mm, @Griandet}: 970 kg/m3

Water (total) . 192 L/m> (w/c = 0,4)
Betokem LP : 1 L/m3

Betokem L : 0,1 L/m3

Air content (fresh concrete) : 4 %

Slump : 12 cm

Microscopical examinations {ASTM - C457) at ¥NTH of alr-

void characteristics of this concrete indicate vers

smacing factor

good air-veid characterist
a

of 0, 17 and specific sure of 41 mm .

]
f
|
|
|
i
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A freeze- thaw test according to TFagerlunds method is alse
carried out and the results from this test reviewazad
in cornection with air-void characteristics indicate a

sufficient freeze - thaw resistance,

Concrete strenagth *

The results of a statistical analysis ¢f total production |
for compliance with criteria in NS 3473 and N$ 3474 for
different parts of the structure are agiven in the following
table:

o e e




| - | i . -
Ruooit Mo =l norske Voerias | Page No.;
f
l: 503080 aduswial and Giishiore Divisicn |45
' TABLE 3.3.,i CONCRETE CQUALITY RESULTS
' Paft of {No of Compressivewsﬁrength, (mean) concr-
structure zests 10 om cubes, N/mm” S ete
l ‘ 3 days |7 davys.. {28 davs |56 davs ls0 qays (9rade
' -Concreaete
' skirts 26 44.2 (3.0)] 48,2 (2.3)157.3 (2.2)160.6 (2.2)1A3.8 (2.3) C54
_ Lower dcomes
l cell no. 19) 23 45.5 (2.5)154.5 (2.7)138.0 (3.2} CE0
cell no. 9 21 48.3 (2.,1)155.5 {2.1)i59.¢ (2.4) C52
, cell no. 17 20 42.2 (2.1)48.4 (2.0;|56.2 (1.8)i61.2 (2.3) I C54
l cell no. &t 21 j43.7 (2.3} 47.9 (1.9)]5€6.4 (2.0){60.C (2.7) { (53
cell no. 18 17 41.0 47.6 (2.4)]154.9 (2.1)159.1 {2.8) C52
cell no. 71 12 i43.1 48,1 (L.7)155.6 (1.2)656.1 {1.7) C54
d cell no. 6f 12 44 .0 47.8 (2.3)i56.5 (L.2)158.4 (2.9 c54
_ cell no. 2| 13 49,8 (2.3)158.4 (1.6)!62.6 (1.7) C56
| cell no. 3} 13 44.9 49.6 (3.0):58.4 (2.5)162.5 {3.3)§ ¢ C54
. i gell no. 1} 21X 46, 52,3 (2.4)}60.8 (2.6}165.3 (3.1} i 57
I | cell no. ' : i §
' 10°& 11; 35 43.0 (2.2)151.2 (2.5)[60.4 (2.3) "63.9} (2.5); Cc57
cell no. 20! 46 48,0 (2.5)154.2 (2.3)158.4 (3.4)i cs51
l cell no. _
» 4 & 5] 19 42.6 42,2 (2,7);57.0 {2.5);6L.5 (2.4) C53
. cell no. :
- 15 & 167 14 46,7 4¢.7 (2, 1)158.2 (1.0)163.1 (1.3)} 56
'. cell no, 12 7 40.6 49,4 (3,3)]56.7 (0.8){60,4 {1.,3): C35
. cell no,
i | 13 & 147 14 41.5 46,9 (2.8);55.3 (2.7)159.2 (3.0) C51
' cell walls C
- to + 16,31 113 47.7.(1.7}155.0 (2.0)1 58,5 {1.9) 52
l cell walls
) + 16.31 )
' to 42.70 1440 44,9 (2.7)150.1 (2.8)|57.0 {(2.5)]460.1 (2.R)162.6 (3.4) 53
Upper
. domes 69 46.9 (3.2):156.1 (3.3)}160.0 (3.6)161.9 (4.2) 251
l- Shafts
e 1&3&5 90 144.2 (3.3)150.6 (2.9);153.2 {(4.0)|54.0 cdea
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Figures in brackets are the corresponding standard
devuations. Detailed results from testing are qiven in
Enclosure 13, A '

As can be seen from Table 3,1.1 the concrete quality

has been uniform and compliance with strenath criteria

of C45 in accordance with N5 3473/NS 3474 is satisfactory.

Table 3.i.l

lso gives indication of strength develorment

)

s from concrete skirts and cell walls
6.3

1
strength develonment:

and result
betiveen +1 and 42.70 are «iven in the following
F

example o

n/j28 (mean values)

Part of no. of T I ™ i
Jstructure tests 13 days | 7 davs | 28 Qavs | 5& davs 1 90 dava
Concr,

skirts 26 0.77 .84 1.0 1 1.06 1.11
cell

walls 149 .70 1 0.88 | 1.0 1,05 1.10

! [

TABLE 3.1.2 CONCRETE STRENGTH DEVELOPMENT

. — v ——— i )

A limited number of cecres have been taken from as-built
structure tc investicate the relationshin between in-situ
strength and the laboratorv cured specimens surkjected to
idealized compaction and curing conditiorns, The ccres wvere
taken from the concrete skirts and the results are given
in table 3.1.3.
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Core nolLocation{Size of que§Compr. | Equivalent
specimen (cm) jstregqth {cubejstrength
- N /1 | B /mm < ‘
1 skirt : .
no., 16 10 x 13 28 38.6 42.5
2 skirt .
- Ino. 16 10 »x 18 : 28 42,2 47.3
3 skirt
no. 17 i x 18 28 37 .4 41.9
", 4 skirt ,
: no. 15 10 x 70 31 41,9 45.2
E 5 skirt
! no.14/15 110 x 70 31 43,0 49,4
6 [skirt | |
; ne.14/15 110 x 70 31 41.4 47.6
3 7 skirt
! no. l4 10 » 70 31 4 o0 45,0
Mean ' = 45.1

TABLE 2.1.3 STRENGTH OF DRILLED CCRER

The above results satisfy the criteria for strangth of
drilled cores according to BS 1881 and N8 427, del 2,
3.5.

Gunite

Gunite (sprayed—-on concrete) has besen used extensivelv

to seal off the anchor blocks after comnletion of
prestressing, especiallv on the cantilevered slab. It has

also been used for minor repairs on the structure.

Gunite composition:

Cement {PC 300 - Dalen)
Sand 1:2 (0 -~ 10 mm - Yeblungsnes)
Betokem HS (2 = 1 % of ceuenlt weight)

water/cement = 0.4




Report No.:
503080

Page No.:

4e

L
|

mE Ay W AE - S i s

;- A O aE T B e

3.1.3

3.1.4

3.1.5 ¢

2
Compressive strength of qunite: approx 40 N/mm

‘The porosity and permeability of the gunite has been
measured on drilled cores bv NTH ~ Trondheim. The tests
indicates relativelv hich values of bhoth rorosity and
permeablility compared to that of high cuality concrete.
Consequently the areas where gunite has been used is
sealed by Betoxkem Epoxy ML-1,

concrete Constituent materials
Mixing water, corse and fine adoremates, cement and
reinforcement have been checked recularlyv for comnliance

with standards and snecifications.

Permeability_

The permeabilitv of concrete has bheen tested ny NOTEBY,
Oslo. The test procedure consisted of subjecting a 10 cm
thick concrete specimen, cast in a truncated steel cone
at the site, to one-sided water pressure, After the
specimen was subjected to a pressure of 4.3 kp/cm: Tor C
3 weeks the vpenetration of water into the concrete was
measured to 1.0 c¢m, which indicates accentable permeabilitv
characteristics.

Grouting of cables has generally been carried out with
the mix given in 2,6.2.

In the shafts the following mix was used (one batch):

100 kg cement
45 liter atoe
0.6 kg IPCE 208 admixture

o
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Crouting of prestressing ducts has been carried out
in accordance with accented plans and procedures, and

result of grouting is expected to be satisfactory with

i}

ii)
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-
k

- - - : -"4
. v . g L -

the following exceptions:

Grouting of cables no. 23 a+b, 24 a+h, 25 a+b,
26 a+b and 27 a in condensate tank in shaft 5 are
grouted with mix containing sea water bv mistake.
These cables are replaced by additional cables
shown on Fig. 36,

Grouting of a number of prestressing bars in the
deck/shaft connec+ion.

Reference is made +o:

- Fig. 37 A, 37 B and 37 C showing deck/shaft
connections,

- Accenced procedure for grouting of anchor
boltg, Enclosure 14,.

- Deck/shaft connection as made rermort,Enclosure 15.
- DnV telex no. 51067 dated 20.5.77, Enclosure 16,

Calculations submitted by the designer has shown that
the 10 suspect cables dascribed in Enclosure 15
can be omitted to verify strength and comnliance

with criteria for the deck/shaft connection.

Based on the above documents and the statement
in 2.£.1 regarding the steel guality chosen for
Dywidag bolts, special attention should be ¢iven

to the deck/shaft connections in pericdic inservice

insrections.

|
|
|
[—
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The overall construction accuracy is generally aood and

within accepted tolerances. acreed upon prior to construction.

The main horizontal construction Jeints are located at

(1) El. + 6.07 1lower domes/cell walls

{2} El, + 16.31 cell walls

(3} El. + 42.70 cell walls/upper domes

{4} El. + 45,52 base of shafts

{5) El. + 126.90 transition ;Héfts/shaft ring beams

(6) El. + 129.40 normal concrete/Rescon Nonset 120

(73 El. + 129.70 tcp of shaft ring beams; deck/shaft
connection

The construction joints have been sandblasted.r 2" PVC
waterstop tvpe T has been nlaced in the middle of th=

concrete section for joints below sea level,
Other construction joints of importance are located at:

-~  ton closures in upper domes (el, +47.55), Fig. 37D

-

'~ closure of temporary openings in shafts at el, + 48.25

{see Fig. 38).

Structurnl Pcnalrs

linor repa

— g o —y ———

irs:

Standard procedures & materials used for minor

repairs are given in Enclosure 17. Minor renairs should not
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C be given special attention during inservice inspection,
‘ Epoxies:
' Apart from the epoxies used for minor remairs {Enclosure 17)
. the following epoxies have been used on the structure for
various repairs:

- [
l |
L Epoxy Used for

l Betokem Enoxy I'2 Coating of temnorarvy steel

i; embedment plates in shafts

(Refer to rar. 2.7}

' Betokem Epoxy Pl Repair of arouting outlets

o of dead anchored cables in

l shafts

_ (2 parts Epoxv Pl mixed with

' 1 nart dryv zand (0 - 1 mm)

_ rlus Sylodex)

I Rescon L Epoxvy Repair of cracks in 30 cm

L arcuting under steel deck

| i rings

. Betokem ML, - 1 Seal on qunite etc.

i Hajor repairs

-‘l The following major repair should be given special attentidn I

O T S— S e e s i e e gt oo e 1
' during in-service inspection:
B i) Rerair of imperfecticns in unper nart of cell walls [

. at elevation 42,00, | f

.
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The extensive imperfections were shown to be slipform
lifting cracks during unfortunate circumstances
at completion of slipforming of cell walls betwcen
el. +16.3%1 and +42.70,
Refereunce is made to DnV-report 541090-p "Renort on
repair of imperfections in uoper part of cell walls
at elevation +42.00" dated 15.9,1976. This report isg
enclosed as 2ppendix 1 to the DFI.
i1) Repaired area on shaft 3 due to snalling
Locaticon:
Elevation +76.00 tc +78.50, § = 3% m
{(according to Fig. 7).
Renair procedure:
= <leaning of area to be repaired
-~ epoxy glue Betokem P11
- conventional casting with a rich concrete mix
1ii) Repair of cracks in concrete under steel deck ring

Top of shafts between +129.40 to +129.70 were cast nv
grouting with the srmecial mortar Rescon Nonset 120.
POSsibly due to temperature effects during curing
cracks developed uniformly distributed around the shaft
Circumferences at distances 35 cm and with crack width
0.1 -~ 0.2 mnn, The extent of cracking cn the inside of
shafts was less than on the outside, and only cracks on
the noutside were sealed with Detokem Epoxy Rescon 1.,

Refer to NC's report in Enclosure 18.
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iv) Repair of ¢oncrete around 51 sleeves in shaft 3.
To facilitate emtying shaft 3, the embedded steel
sleeves were extended on the inside of shaft
for installation of special valves. Concrete around
sleeves had to be chiselled awav and subsecuentlw
repaired.
Peference is made to Enclosure 19.
3.5 Coatings

Due to dense reinforcement and possibility of sgpalling
a coating by Befnkem Epoxy ML-1 was apnlied to cell walls

between el. +6.07 and +7.30 on cells 8, 2, 17, 18, 16,

Areas of congested reinforcement

Except for the cdense reinforcement menticned in +the above
paragraph, no area on the structure is recorded that
could be specified significant for in-service inspection
due to congested reinforcement. The dense reinforcement
above was due to unfortunate detailing of shear

reinforcement and was improved on the remaining cells.

Embedded steel narts

A considerzble number of steel parts are embedded in or
f£ixed to the structure, mainly steel fixing plates for
riser, pipe supports and for temporary use by the

contractor for supporiing cranes, hoists etc.

Apart from contributing to consumntion of anodes, these
plates represents weak links in the concrete cover to
the reinforcement and should not be allowed to corrode.

The design of corrosion protection of these nlates isg
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described in par. 2.7 and with the exception of the

fixing plates for the risers the condition of the

gredat number of fixing nlates should be given oeneral
attention during inservice inspection. The condition of
riser plates are to be examined more closely, and refesrence
in this respect is made to the DFI-resume for the TCP 2

risers.
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4. INSTALLATION RESUME

4.1 General
All platform bperations incluyding towing, positioning
and penetration at Friga site; agrouting, all ballasting
and release of internal air pressure'have been surveved
by Dnv representativés to ensure ccnipliance with apnroved
criteria, plans and procedures.

4.2 Installation and grouting
The platform was installed at Frigg Ti=ld site 22.6.1977
inaccordance with aporoved plans and procedures.
Penetration of dowels and skirts was accomnliished with soil
resistance as expected. The vlatform was stable during
initial penetration, no horizontal movement occured and ’
- the maximum stress in dowels was recorded to 140 N/mm2
(0% = 260 N/mmzf. The sea bhottom slope was anprox. 1:100
downwards towards north,and during penetration unewven
platform ballasting was necessarv to keep the platform
vertical.

Stop penetration situation:

Number of domes in ceontact : 11
Max earth pressure on dome : 13, p = 194 T/m2
Tilt of platform : 0,1°

194° (towards north)
Max penetration of dome 15 = 50 cm

Direction of tilt

Ho significant deviations from apnroved procedures were
observed during the penetration operation, and underbase
grouting was started immidiately after ston of penetration.
The grouting operation was carried out according to annroved
plans and no significant deviations were recorded.

Relevant data from nrouting oneration:




Stor grouting

Hours used

Expected grout volum
Actual grout volum :

Average grouting rate

Max. skirt pressure

e

Platform inclinacion start:

Platform inclination stop

Grout quality control results:

' ) o {
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NS
Start grouting S June 25th at 21.55 hr

July 5th at 05.15 hr

223 hr 20 min

14090 m°

13725 m°
3
61.5 m>/hr

]
9.3 T/m”

¥~directicn

i

0.088 deq

¥Y--direction 3.608 deqg

X-direction

0,084 der
¥~direction - 0.021 degq

- 1
Fresh Grout Density of Compressive strenctn
density [ bleedingcubes.. o 28 davs
kp/ome % 28 davs _N/mm*
Mean.: 1 .1.30 1.5 1.33 1.45

E o BN N W e
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Founéatiea behaviour during installation:

A submarine survey, witnessed by Dnv,
after

"blow~out" of foundation was recorded.

was macde immidiatelv
stop penetraticn of platform, and no sicgnificant

The amount of

transportation of sand during the critical phase of steal

skirt peretration was less than exvected and within the

limits accdepted in the 0Offshore Installa-ion Manual

(Norwegian Contractors, March 1977).

4.3 tructural aspects

From a structural point of view, the platform was safelv

installed,

The onerations of water ballasting

and

aig~

pressurization were carried out in accordance with annroved

procedures. The internal air-pressure was released July 19277

and after a tewporary solution, the permanent overflow

system was put into operation in Novemkber, 1977.
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5, INSTRUMENTATION

To compiy with NPD's regulations for collection anAd

analysis of envirormental and platform data (E- and P-data),
ELf has installed the following instrumentation systems

on TCP2. The aim of the instrumentation is, through a control
of the design assumptions and platform behaviour, to be able
to assess the safety of the structures and their foundation
in the operation phase.

———-----——-—— u-————_m—-.—.._—_am——————_-.. -—.-.—-.

Shaft 1.

- 8 strain gauges a2t el., +48.00
- B8 strain gauges at el., 124.4
= Lastersystem to measure deflection of shaft

-y

~ 4 linear and 2 angular accelerometeres at el. +45,00

= 32 shock pressure sensors from el. +10%.95 o el. + 116.46.

Deck level:

— o —

——an m— —

=~ 7 earth pressure sensors on the lower domes of cells
6, ¢, 11, 13, 15, 17.

14,

= 9 strain gauges on lower domes cof cells 8, 1o, 11, 13, ;

16, 17, 19, 6
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Toundation:

—————— i —

- 8 shallow pore pressure sensors, 3 installed above
bottom adse of steel skirt and 5 installed 0.5 below
bottom edge of steel skirt '

- System of measuring differential settlement and
horizontal settlement

- 4 deep pore pressure sensors located in hole P2 under
shaft 3. These instruments are positioned in four
different levels between 8 - 30 m below the sea bed,.

=~ Pressiometry iastruments. These instruments are nlaced

in hole Pl and P3 under shaft 3 and 5.

The instruments are designed by Svminex and installed
by Syminex/Soclmarirne,

The data aguisition and reporting of processed data will

be made monthly by Elf in accordance with NPD requlations.

The instrumentation should be considered as comnlimentary
to the manual in-service inspection to ensure safe
operation of the structure.

1.12.1977
Ra1l/AHE




- - .- e . - - E PRy Py .y LI, . n 3w . c—- te o -
. - . : L .

: L

—

Ast lansd

2IC dnh AR ] o datn

)

arny_

2637 lqﬁm.
by g AW

T & /J_ :
..|a it rﬂ’—_"#{]:fm__ﬁﬂmu}“_ﬁ
L U

Eiman (OWER _DOMES SCALE F 200

- Top ot Loew ok PENCTERTETL A
_a-da) IS
Fa ret ol
iy st
JETIIT It
e § ERTE
——r - PPV PTOY S
i =IF

PErLIN W LY. 8

o e SR
]

PR i-t'nr

- Foasna i b I .

1l T TR Y

L. z}:

ﬁ -

)

i

B ...L'l';:::

PR}

A
‘.B\f
v e

[ETTE Y

T e L e T

L

\
/

P e T L T T LY

.
“’gc---u-‘m-.-
\

e L tad

T milistma tanmensy

AT R

|

L

H

LI
fwthtd th}

CONDELY ;| O
- e

. .‘t:‘i.}".'. '.‘TK"-'
RN TS LY E

P ]

|

[
2

4

2301235

1
SR —
! [ 4 W]
£
i
H
[
4




—
i
A
*e
- B,
nf
B

I iy,
PR

e | /
L VA /
’ .

/

——= N53952°50"

\
C\ \ /,2;’/ | i i
CA__QP -y SYMBOLS:
TN \ v CPT
\\ 7 4 ® BORING

(Ve S - am
, L S
‘ , {oaie L orawn o

FRIGG FIELD CONDEEP TCPZ2 PLATFCRM  {mm | ¥
SITE PLAN ' | jppr"”’dﬁ_ﬁ«-
ALL DATA FORM refr. 5. FrOlAC oy m 1 1

: 7301

rna.

Grcwing 5

p O

Norwegian geatachnical Histitute ' o,

e’




Py
§.f

L

L

]
%
Y
]
I
{

= lfa % T C”_u i
% N 3 S
H e

A RIE

RSE - [(“

e e - el - . T . el . - )




P! .

M,u«m e . ! ]

I O

S IO . 2
- - -

.rw.m . . g ’ ‘ .... PR

: s \. . , C . TR T

.l

e

e 7:‘-
N

e

__.
. FENN i
—m_v..r PSR T = T i O o T G L T I I TP P e TR LY -\
i P e Ty
ﬂ ._ T T s IV e e em e e e oa T G N I L LT Y
)
- e \

¥

6
i
A

e

oy Tty i S PE

R e T Y - s~ s

| SECTION 2-2

T,

7]

BEH ST

vl Gry o AT

Coratrus ten

o __..,... oyt - KN . - . : \ H
e Y. ey w - N . y B P -
Pty Ayttt P o e g e - O vyt SN i R ey e Lt -2 s Aty =

e P

e .

PP e \.sl.\rll]l, .!n:llllki rt.l]...) . I
.




- . - - . - ' - i - R - D -"- ’ -"‘ -”‘ -‘ ' - - - - - - - - -
3 y 3 g Y ¢ — : d .

.
I
1
i
i
h
i
i
]
. |
13
;
1

" Report No.: ! Ho'a) oy
Eér 55
- : e gn £ N N ey e
503080 ] LI Industrial and Offshore Di
%ﬁa"

Pags No:

Area on outer cell wall is defined by:
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Attn.: Siviling. Wolf

0sio, 20th September, 1377
RXJ/sob

74810 Frlgg Platform TCP 2
' Future operation OL anti-liquefaction system

1. GENERAL

We refer to our Operation Manual cf 18th May 1977. The following
comments may be added.

It may be difficult to give fixed criterias for taking action as
potential danger may be caused by different ccnstellations. Thus the
functiening and the effect of the drainage system should be currently
evaluated. :

2. EFFECTS CAUSED BY DRAINAGE

When the drainage system is in operation, the following reactions
will occur.

1) Skirt water pressure will be reduced.
2) Pore pressure will be reduced.

3) Effective stresses will increase in the subscil and
consequently increace settlement,

4) Transport cf solids and percipitated materials in
suspension may occur.

3. AIM
The aim is to es+¥ablish an even suction under the whole base of

the platform, but due to seepage, the reduction of pressure near
the edge will be lower than under the canire. -

! t
xi Huaker:: Mool nod %
FUTHT oo | Bergens Povathank l n0U6.05.100 261

P
E OVHer 40 Tlheen Sognsvewen 72
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' To avoid an eccentric »oudlnc +“e skirt pvnqsur s should

"In order to observe the effect of the drainage system, m2asurements

.Contents of solids should also be controlled during the test period.

= ‘7WD€

Letter to Norwegian Coniractors, _ Norwegian Geotechnical Tnstituie NGJ L Lem'en'?
dated, ?23th September, 1977 _ e
) ' ’ .Page 2

preferably be symmetrical around the centre.
4. OBSERVATIONS TO BE MADE

of skirt water pressure, pore pressure, settlement and tilt should
be taken.

Possible piping is -indicated by an increase in the water flow and
an increase in the corresponding skirt pressure.
5. AMALVSTS OF WATER SAMPLES ‘ -

The amount of solids and perc1p1tated materials in suspension is to
be determined by filtration.

The type of solids may be determined visually. If in doubt, X-ray
defracticen or atomic absorbtlon spectirometry w1ll have to be
carried out. :

6. ACCEPTABLE LIMITS FOR SUSPENDED MATERIALS

Valid *o February 1978.

Maximua tolerable amount of materials in suspension:

From individual drains

3.2 grams/litre
From total flow .. : 0.1 "
These limits applies to materials which are naturally present in
the sea bed. Tor components from the grouting, 5Dec1alists on

grouting has to evaluate the tolerable -amcunts.

7. REVISION OF PRCCEDURE TOR DETERMINING INDIVIDUAL FLOWS

To keep a nearly stationary flcw and constant stress distribution,
we would recommend that the water flow from individual groups of
drains is determined by measuring the reducticn obtained by
shutting one group at a time. :

Yours sincerely,
for the NORWEGIAN GEOTECHENICAL INSTITUTE

Ragndy Jonsrud

Erel. 1. Activity log for the starting up of rhe anti-liquefaction
system. '
2. Values of skirt prassure

i
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P.3. Box 300,

N-1322 HOVIK.
Industrial and Offshore Divisioen.

Attn.: MHr. Varming, Jorgen.

YOUR REF.

l ' ' ' : , Det norske Veritas,

OUR REF. 311 J Sc 77/03%1/MPD/kh STAVANGER, 19th of September, 1977.

l_('_.\ | | g 2 SERLAST

.

% (,‘% Please find enclosed the procedurss concerning rip rap operatiocns.
- ’x\ This work consists inthe antiscour protection of the corridor between
'X{) platforms TPl and TCP2 by laying 100/200mm rip rap rc.nd the footing
e//gﬁ of the above menticned platforms.
\ The area to be covered is defined on sketch no. 1. The quantity of rip
i 1 rap is around 7000m” taking inteo account the 20m width to be protected,
a}}}G‘ a covering thickness of lm and a 1/5 slope.
oV~ O 2t
:3‘\‘ This job shall be carried out by A.C.Z. Marirne Engineering LTD during Cctobex
‘ 1977,
! /
U é\ _ /
' q We remain at your disposal for any further informations,
\ \»f‘. d ; .

l \ ' (ﬁ‘*é‘ 4!/\) ) /f
w._ﬁxw\ WAz &,L wille %M U“\’x 0) " Yours faithfully,

. .?) f“wsu»us.. 0‘-& flr,-bLs (7 Ob u r%u.u LJ- UAaL a;:‘u/{,.&)
. 3)'1"-‘"’:’ ) thot“'yuxw\d. L |

N
K
E

T4 Vot suda
I 102 wortk and Ec}l./'s{'-'"/

-y P
l )Hﬂ“l\ow _ ouz)i fmvuu,&\u.el‘ (e

DN‘\.} \o L CA (Jowuw.l‘m,{w\,g .

M.P. Delacroix

7 Rus Neiaton 75733 FARIS CEDEX 15 TEL. 578 6100 TELEX 25363
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1. - Specifications of Rip-rap

1. Bestination

The rip-rap, subject of the present specifications, are destined to
CP 2 on the Frigg Field

against eraosicn.

2. Granulomairy

Crushed ris-ran of 100/200 ma.
i

2.1 Granuicmetry ailowancas

lo rip-rap with & side greater than 209 mm shall Se permitisd.

No more than five per cent (5 %) rip-rap smaller than 100 mu shai

be permitted.

2.2. Size aliowances

No more than ten per cen:i {10 %) rip-rap having their largest side
more than twice that of the smallest side shall be permitiead.

. Density

The density‘{; of the materials composing the rip-rap must not Da ie5S
o - by

than 2.5 T/m3. It sheuld not vary by more than 5 % frem one rip-rap Lo

another
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Structure and stability of fhe rock

The rip-rap are derived from compact non iamellar rocks stable in

sea water.

Quarry

The quarry from which the materials are extracted should be capable
of supplying more than 10.0C0 m3 {ten thousand cubic meters) of rip-rap

having the aranulometry specified above.

The Contractor shall be responsable for obtaining permissicn to opan
the quarry, a duplicate of these documents sna'l be transmitted to the

Company .

The Contractor shall supply the Company with samples o7 the rip-ra
] pany R

and & laboratory analysis report.
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The English tpranslation o7 NS u27 A, Pdrt 2.
NS 481, Part 3 '

A comparison of the safety levels given in
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the TNO-specificaticns v.s. the Norwegian
Code, NS 3473, and the loadfactors as de-

fined in the FRIGS-TCP 2 design criteria.
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The structural design of the FRIGG-TCP 2 CONDEEP

-

PLATFORNM shall confirm to the following design

criteria: | ‘ . e,

A The basic code shall be the Norwegian Code of Practice
(////”' for Concrete Structures, Computations and Design, |
NS 3u73.

U —

B. As a supplement to the Norwegian Code, NS 3473, the TNO-
SPECIFICATIONS paragraph 3.3.0 through 3.5.2.3 shall be
used with the comments as stated under paragraph 3. in

nta } ]

this document.

b--' r\-A - " -

C. Special requirements from Deft Norske Veritas for gravi-

ty offshore concrete structures.

-~

CLARIFICATION

]
N~
.

2.1, "The Norwegian Code, NS 3473.

a. In the text there are scme refercences tc other

Norwegian Codes:

D)

aj., NS 3u74 - Is translated into English and has for
some time been available. See Appendix A,

a2. NS 3052, first edition, March 1970 - does not
apply to offshore concrete structures
and therefore shall be disregarded.
The loadfactors to be used are defined

in paragraph 4. in this document.

N mE SN SN NS NN WS P mE oE SW W
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. alb. Paragraph

||
)

ab. Paragraph

(-

ag. Paragraph

3

a7. NS u8l,

p |

-
; -
A R .

a8. NS 482,

4 A o A
- b ]

ad9. NS 3050C:

[ .

i

3

al0. NS 427A,

all. NS u81,

L.

-

Refeorences on page 10 are of no value for the

use of thezcode. . _ f
i
3.1.1 on page 13: The loads to be used

in the calhulatlon of this oifshore stiruc-
ture hdve to be defined from bPEClal tests,

measurements or other documentations.
4.2 on page 18: See a2. ©n the preceding
page.

7.1.2 on page 4l: See al.
page.

on the preceding

“Part 1: This code gives the standardized

dimensions of plain hot reclled bars, tole-

rances of the diameter and the minimum

- required viéld strength. See Appendix B.

Part 2: This code gives the same as in
part 1, but for hot rolled cdeformed bars.

See Appendix C.

Has been translated into English. Sece

Appendix D.

Part 2, Sect. S.4: Has been translated

into English. See Appendix E.

Part 3: This code has to do with steel

for prestressed concrete. See Appendix [.

Designations and technical terms,

The corresponding English Code might be

usad.

The safety levels which are attained by
using the NS 3473 and the lcadfactors in
‘paragraph 4. in this document-are shown

in Appendix G.
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COMMENTS 70O THE TNC - SPLCIFICATIONS !

Page 37: The. idcalized Smith-diagram to be in -accordance with
the test results from the actual reinforcement steel

/

being used.

Page 38: The stress-strain curve of the actual prestressing

steel to be used.

Page 39

and 40: The evalution of *the design strength for cencrete in
‘compressiqn and the stress-strain curve of concrets

+o be in accordance with N3 3u73.
Paragraph 3.4.3.1: To be disregarded.

Paragraph 3.5.1.2: The load factors <o be used together
with the materizl properties as gilven in NS 3473 are

defined in paragraph 4. in this document.

Paragraph 3.5.1.3: VWhen deriving at the shear capacity
of a cross-~section the normal force should be takan

into account if by documentation this can be verified.

The reduction of the shearforce some specified distancs
from a suppert is allowed if by documentation this can

be verified.

b

i Paragraph 3.5.1.5: The requirements of crack-width
limitations shall be regarded as fullfilled by limiting
the steelstresses in ordinary reinforced concrete as

‘defined in paragraph 5. in this document.




~
j

: o . - i

-,
¢

B &
D

ol
i

Blie 800 GIN 0BG BN

»

-y
¥

R
3

By om o

L TS
I i landET

LOADFACTGRS 10 BT USED WITH NS3473.

Ultimate limit statsz.

In the ULS checks, the following load factors are &pp-

jied to the functional and environmental lecads for the

diffeprent combinaticns.

TABLE 2
LOAD | 7% - Load factor
Functional Envi-| Material
LOnn.
safety
Type of A
combina- D L r. F P T E factors
tion - P L
a 1.2] 1.2tz Do Ym TO B9
~ =1 i sacor-
i 1.1 .1 - vo1 | 1 |2y a.s fEnoaceser
b2 0.9{0.9] - 0.9 | 1) 2y 1.3 |dance
- '\ -~ N ~ Lh
c 1.2 1.2 1.2 § 1 {2 |13 G5surs

1) TFor direct loading affects on the concrete secticn,

3*f should be taken as the most unfaveourable of the

values 1.1 and 0.9, for indirect effects,

ments in statically indeterminate systems

stress,rf'F can be taken equal to 1.0.

2) Where the effects due to differential settlemenis,

be accounted for using-f; = 1.1,
R S

such as mo-

due to pre-
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The lcading ccmbination-listed in the table imply:

Functional loads.
Functional loads maximum + extwaordlnqpy eny

2 e -
1rorT

~mentel,

functional leoad minimum (i.e. reduced é=ad load when
it acts faveurably) + extraordinary environmental

lecads. ) .
Functional lcads + “"Ordinary" environmental loads.

Additional loading conditions to be checked:

Local soil pressure on lower dome. A Lsad factor YE G
1.0 shall be applied, assuming that icads measurec
during installation. '

The tensile capacity of the lower dome sha 11 be
checked for the applied suction forces du ring pene-
tration. A load factor of §p = 1.2 shall be applied to

the suction forces in loading combination al.

Grouting pressure. A load factor of T} = 1.0 shall be
applied, assuming max. load on dome to grouting pressure

is measured during installations.

The structure should be checked for misuse or accident

(i.e. 1oss of hydrostatic pressure difference) applying
a load factor ?§ 1.0 on all loads. Only those loads

likely to act simultanecusly need to be considered.
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5. LIMIT STATE QF CRACK-WIDTIH. ' !
. - . !
5.1 Serviceablility limit state. /
The following limitations on reinforcement stresses are
to be applied in the S.L.S. The purpose of the limitations
on steel stresses in the $.L.S. is primarily *o limit
crack widths.
In $.L.5. creep and shrinkage of concrete and relaxation
of reinforcement are to be taken into account.
Fhase Leading ‘Y} Allowable siresses in SLS. N/ .
ceombin. ) .
' below - 20 m above - 10 m
1) - z -
C a) 1.0 fs = 200C Yg = 200
T and al 1.¢} £ = 260° b = 260
I 5 ]
0 a) and 1.0 £ = 160 £ = 1000 *
c) s =

t

X between - 20 m and 10 m the allowable stresses may

be changed linearly.

fs = design strength of steel in ordinary reinforced
concrete. '

A
1) For shert term loads during the construction phase
30% increase in strecses is allowed.
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fhe intent of the present paper is Lo glve additional
requirenents Lo the "Concrote Design Critewia" dated 14.11.74
issucd by C. F. Gregncr A/S. The paper can e regarvded as

the supplement C to the specifications & and B as recorded

in chapter 1 of the Grgner criteria. ‘

We assume that where discrepaicy exists between the three aﬁf
specifications A, B and C, B is valid before A and C before

A and B. ' - :

pnV's additional requirements most convinicntly can he relate:

to the TNO-specifications. Thercfore in the following para-

graphs the requirements are given in terms of comments
to the TNO critcria.

3.4.3.1.

3.5.1.1.

COMMENTS TO THE TNO-CRITERIA

3.3.2. FYor definitions of loads reference, load condition ot

3.3.3. and design principles is made to DnV Rules. bR

3.3.4.2. Feoundation design 1is considered beyond the scope m 
of the present criteria. i’

3.3.8. Stecl design criteria is considersd beyond the o
scope of the present criteria. v

3.4.1.1. Steel strain should be limited to & gy + S%

: Fatique strength of steel bent to a radius less sl
than 25 d is half the stress range for bars i
which has not been bent.

3.4.1.2. The stress-strain curve of the prestrassing steel
in guesticon to be used.

'3.4.2.1.1 The evaluation of the design strength for concrete (
in compression. and the stress strain curve ot &y
congrete to be in accordance with 8 2473. The fauvigue
strength preposal is adeguate provided static strengln

{means static design capacity of the secticn.
tiners factor should be less than 0,2.

The load factors do not cover effects of structural
imperfections with regard to structural stability.
The safety factors with regard to soil is beyond
the scope of the present paper.

with the
are given

The - load factors to be used tocethor
material propertiecs as givcen in 3473
below: '
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LOAD K ' - Load factor : Materio
- v —— ‘ e - 1 Tisafety
 TFunctional Environm. |Lactor:
o ) __|to ke i
— ¥ - _ accorda.
TYpPe with
Combinat.} D L Fi Fpp | P T { To W | S
J S E
a 1.2 11.6% (1.1 ] 1.2 1 1) 1.2 1.% 0 9
bl 1.1 1.3 - 1.1 1) 1.25 1.2 1.2y L.2
: NS 3473
p2’ 0.9 (0.9 - | 0.9 1) 1.2 11,20 1.3 1.3 |
' 1
PHUCE L = le dbal e Per e “"*f‘*c‘uv{ Vet ke &, ballast
t X Maximum Live Load
1 Xx Minimum Live Load

1) To be rhoscn in accordence with NS 3473
The leoading combinations listen in table 2 implies:

a} Functicnal loads.
~bl) Functional loads maximum + extraordinary
environmentzl loads.
b2) Functional load minimum {(i.e. reduced dead load
‘ wvhen it acts favourauly) + extraordinary environ-
mental loads. : )

. —— e O

Additional loading conditions to be checked:

: "\ 1. Local soil pressure cn lower dome. A lcad factor
f \ of ¥ £ = 1.1 shall be applied, assuming that loads
j'I NG T are based on analysis based on conservative scoil
' £1) \. " parameters or on the most accurate pressure control
during installaticn.

The tensile capacity of the lower dome shall be
: : C checked for the applied suction forces during
.Uf{{;lﬁ:. penctration. A load factor § ¢ = 1.2 shall be
tn o : appliecd to the sucticn forces in loading
combination aj.

% = = 1.05 shall

3, Grouting pressure. A load £ x
) lead on dome due to
u d

be applicd, assuming max.
grouting pressure arc meas

red during installation.
4., The structure shall e cheocked for micsuse O
accident {i.e. loss of hvdrostatic pres

|8

it
diffcrence) applyving a load fac or ¥ f
all loads. Only those loads lihely t
slauultancously need to be COHIJUCLQG
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3.5.1.6.

3.5.1.8.

3.5.2.0.

3.5.2.

[3%)

Fje/AAD

6. Any load factor shall

’

5. Load factors for loading condlitions not covered
in this document shall e cgreed upon by DLnv
before applicd.

be given the value 1.0 if more
1

the values given in the tab

5]

‘unfavourabla Ltirar

The base of thﬁ Loviers shall be designed so that a possils)
failure will develop in a ductile maimer.

<y

S

e -
WS 34
aect

is to be taken in accordance with
tto bo taken in accordance with
eyvlindrical cross
sections arec o be
shell design.

Desitn s*rength
Shear capacity. is
The rules developned for hollow
arc not applicable. These typo oxf
designed according to recognizad metheds for

3 A
-
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Fatigue -of concrete and stecl is to be checked on the
basis of the data given by TNO taking.in account the
aforementicned coments.

‘Fatigue in shear and-bond should e checked by methods

accepted by Dnv.

rack width is cont-olled by the ;
in DaV rules Sc¢ction % ch. D360

Limit state of cr
requirenments given

and E400. {
thrc principle tension stresses act at an angle more
than 25¢ with any direction of reinforcement, special

considerations are to be made.
Tha dynamic response should be kept under percoptibility

F for cperating conditions and D for extreme conditions.

The formula given are not satisfactory for a check of
buckling and second order effocts. Stability
investigated in accordance with principles given in
NS 3473 ch. 5.5,

values given

Minimum cover shall nowhere excead the

by more than 1.5 cm.
ral re

This point does not cancel the gene guests for

minimum reinfcrcement in NS 3473.

28.11.1974.
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STATFJORD PLATFORM A, BRENT D, FRIGG TCP 2
pPnvV's Concretle Desigﬁ Criteria.r
REFERAT FRA M@TE PA VMI 8.4.75.

4

il stede: Dahl ~t ] - pr. Olsen
Erland " ooon E
Harstrup "
B¢grsceth Gregner
Skare Hpyer-Ellefsen
Fijeld - Dnv i
Reland "
Sigfridsson "
Sgrensen "

Hensikten med mgtet var & spesifisere brukea av lastiaktcrens
i DnV's Concrete Design Criteria.

2. Concrete Design Criteria.

Dahl uttalte at f@plgende kriterier vil bli benyttet:

Statfjord A& : DnV Concrete Design Criteria datert 23.10.74.

Frigg TCp 2 : " " " " " 28.11.74.
‘Brent D : " " " N " 23.10.74.

Fjeld papekte at Nljedirektoratet utarbeider nye Kriterier
og at spprsmélet om gyldigheten av DaV's kriterier for Statfjord
A og Frigg TCP 2 vil Dbli tatt opp med dem.

Lastfaktorene for ULS i DnV kriterier brukes sammen med fglgenae
retningslinjer:

2.1.Hydrostatisk trykk.

I plattformens operasjonstilstand regnes det kun lastfaktorer
forskjellig fra 1.0, pad differansen mellom innvendig og ut-
vendig vanntrykk.

I tilstander frem til og med installasjcnsiasen, regnes det
uvavhengige lastfaktorer pd utvendig og innvendig vannti

S
RV N

Kriteriene er & forsti slik at lastfaktoren skal settes til 1.0
for et {(eller beqgqge) vanntrykk 1 de tilfcller dette ex uGUNstige

enn de verdicy som ev angitt 1 kriterienc.
2.2.Egenvekt.

rastfaktoren skal settes til 1.0 1 do tilfoller delie oy uguan~s

stigerc cnn deo vordicr som er angitt i kriveriene. Fakiooren L9
brukes 3 slike tLiiico!ior nd bhele bowonghonstruksjooc.

i
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2.3. pallast.
Som Lor cganvekt,
2.4. Tewperaturefiekter,
Dot skal reognes wed de angitte lastfaktorer. Ce beregnede

snittkrefter fra disse effeckter kan imidlertid reduseres

i relasjon til den stivhetsveduksjon p.y.a. oppsprekiiing
som pdviselig er tilstede i konstruksjonen ved den aktuelle
lastkombinasjon.

En slik reduksjon kan ogséd ferectas i SLS.

Det vises 1 kriteriene til NS 2473. DnV vil vurdere naermerc
om lastfakteren skal settes til 0.9 (0.88) i de tilfeller
dette er ugunstigere onn de der angitte faktorer.

Spennkraften redusercs med alle tap i tilfeller hvor dette

er ugunstig. I motsatt Fall medregnes kun de tap som rmed
sikkerhet har inatrufiet.

Oslo, 11.4.1975

KSBR/JIT




' ?1%;’ & nova d . -

- Fiaand 3 ‘_'?(
: i - ¥ a b L o
'lé’ =

“”?roeL/ahe/janb' . 11.5.76

!I
w(__;:very‘urgénj )

© 7 tos norweglan contraciors.
' a‘it.: Kmr'. gjerde

. '? copy- tos :ﬂ  . - :
n5"3§etf—norge, paris, att.: mr. bednars i/puidebat
‘iiff*_eLf-norge, aandalsnes, atl.:n ‘ﬂquvet

*

L dnv, hamburg B ‘
:any* ressen,'att.: mr, samdat

-

T

‘-““\k,;‘. y oo ) ‘ ‘.‘_‘-' :
L .
i .
1
]
4
t
|
]
|
i
]
]
1
|
1]
t
i
]
]
t -
I
]
]
1
)
]
i
]
1
]

frigg fieLd - condeep pLatform —>tcp 2
j’prestress‘ng bars . for deck/shaft. connac

_—---—_-—'-o-——_.-——-——a-———-n——--q——-n—

i

tion - dywldag st 110/125

oslo 11.5.76 between norcon and dnv,

further to meeting at dnv,
ing bars can be

. “this is to inform you that the dywidag prestress
 _used with the following requirﬂwen+s from dnv:

the section petween steel ngbeam and ccncrete shaft‘shaLL"
n even in the Load combinations including

Load factor‘be

AN

PR I R A
e TN

U

be in compresio
maximum gnvironmental toads, though wilthout

2, with the assumption that de<1gr eriteria for maximum teusiLe

stress in the bars in uls 1s-0. g times yileld strengtn -

: according to ns 3473,
0.8% times vyield strength as: ‘nstaLLed prior 10

gr‘outlnga LOCKI“Q stress aSSJmec ecuzl, to 0.8 Ty,

e P BT S A % 0 T, e TS gt i SIS A T M s o T

T

all bars shall finally be stressed 1o P
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the siress in bars shall under no Load condition {uls or sis)
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{he stress in Lars =haLL/uﬂdEFuﬂ0 Lozd conditior (uls or sis)

-! !

R ‘ .
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P .

- excead tne stress Level at prestressing.

“magnetic .particle testing of‘aLL'bars for iransverse surface
;-cwacks,toibe-performed,by manufacturar. . o

--fﬁ.;he quaLiLy of f*naL grodting‘ofﬁdeté as proposed on groener
‘dwg. uC. 3.2.3.7- 1747-07 320 shaLL be. dc#ument}ed by proced—
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W:‘ure-tesks

compie+e documentation to be swbmit+ed regarding ccrrosio?

-~

protection of bars in the per od of & months from 1nsLaL'ation
to grouting. it is to be document°d that the temporary
" protection of *'sslf- heaLing" fat does not have to be removad
‘before grouting. documentation on performed corrosion tests'“““””“
Y

. on bars to Dbe submitted to dnv.o oot & SR (- :
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'a_7.'é5cer{aih‘numbers of bars-t07bé'made accessible for routine ﬂ
'”4_;hecks_by'uLtrasonic testing%from topsice. ‘
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DRl .
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e R ~1n addition we recommend tne bars to be tested by the

PO maanacturer to 0.85 Ty.
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: ”ncrwegian contractors, stabekk, attes mr, eriheen :
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ra.s condeep puatfcrm ~ design crite"ia, ‘Load comb ination-
“Loss of hydrostatic underpreqsure and extrac"d*nary
envircnmentah Loadsa- .:n: SR ' '
eLf - norge a/a - frigg tcp 2
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; we reafer to yaur teLex no., ?6/297 dated 19.1.76 and ta our- |
"+ telex no. 95)1 dated 22 12,75 to hoeyer-eLLefsev, and repeat
lf'our po&rt of view regarding the ‘above.- Load combination:

’-I-‘vl'—.

' dnv does not require the pLatform to be desigﬁed for tha
"Loadconbination Loss of hyrdostatic undorpressure and
extraordinary environmental Leadsn providsd it is verialed
that no major bream-doun o’ the s;ructura wiLL occu..
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1f this combination should occur,’ a haLf in produﬂtion
‘fwiLL be required, a thorough inspection wiill have fo be.
carried out and any .defects be repairedn 11 the
i;apLgtfprm_is to be put into productlon again.

ﬂthisipoint of view 1s shared by the'norweg1an petroleum
directorate (npdj. R '

"in other words, L1f-only a aimplified calcubLation 1is

e yepdfying sufTiclient capaslty-against a- major. brgak~d:

\3 N
-y

',."a or
=
Faead
et
-*
[44]
[al

PRI T . 5 B

(Y ” Ao . " a- 8 - - 3
*ne _platfenm, Xne abous artliong will. Fa ety ied

L e e ) N
l

ol 1 TR A




howaveir, at this stagelf%'aaﬁears that the designer has
" trested the abova Load combinaticr on the seme Level as

. .othar critical Load comcinations with checks in uls with
© a general Load fector of 1,05 and in sls.with Load Tacter,

% ‘w1{hﬁthis thorough design, dnv will nci require\a:hatt':‘f' o
. 4n_ production and inspection before resumption of i
irprodyption if such a Load combination should occur..

'Eegards fjeld/roeland
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‘In order to obtain realistic load conditions two cases may be considered.

T
Ref, : A()/."_‘ }
- OFF SHORE PLATFORMS - ‘ . Rev T et |
IMPACT LOADS FROM BOATS -] 1733
! l
INTRODUC TION

Although the activity in the North Sea has lasted {or a relatively short time,
several platforms, both mobile and f{ixed, have been damaged due {o irapact
loads from boats. |

The question may arise if the platfarm, or special parts of them, should be
protected in order to withstand a reasonable impact euergy, and/or if special
requirements should he put on the beats which are allowed to approaéh.ﬂze

platforxﬁ.
PROPOSAL

Design loads

a) An operational load with an impact energy which the platforin shouid
withstand without damage, by use of fenders or by its own structural
strength. )

This load may for instance be caused by a supplyboat when approaching

‘or leaving the platiorm.

D)  An extreme load for which some damage may be allowed, but the platform
as a whole should be consiructed so as not to collapse. Such a situation

may for instance occur if a supplyboat out of controlis drifting against

the platform, The impact velocity niay be determined for each special
location, also taking into account weather conditions and boat charncie-

ristics,




]

Main .«'si.ructurr:/speci:ﬂ_l varis of tha slrugture,

[}
. Vi

Special attention sheuld be paid to the necessity for protection of parts of tha

structure or for the structurc as a whole, Important members and gas/oil

risers may necd protection,

Information to Le submitted
- Area of structure to be protected

- Actual impact energy, depending on boat size and impact velocity

A
/

\'\'v\.. f

‘(for both load cases)

W,

- Calculation of protection method, including type and size cof bumper and

installetion method.

i
¥

\

GUIDANCE

In order to pursue the design philosophy one should try to obtain the actual

risk for impact loads on platforms and design according to this. Due to lack

of data,- no such probability method can be developed for some time. In order
to solve the problem one has to agree on reasonable loadcaces based on present

knowledge and experience, that means to settle on a design boat size¢, streangth

and impact velocity.

ety

. - n & ‘/__‘_ . " i . . . J
. .} . .
'

a. . Desion boat size

Ships in general are not allowed to approach the platforms. If any accident

occurs, it will most probably be caused by a supplyboat. An estimate

. of the size of future supplyboats indicates boats of about 2500 tons dispiace-

—

ment,.

i

-
1y
N

b. Impact velocity
- Based on reascnable criteria a velocity of 0,5 mi/s may be established

for the operational load case,

- The impact velocity in case of a boat out of control drifting against the
platform may be determined by adding the effect on the boat from wind,
current and waves, also taking into account the actual responée of the
boat in thesc load cases, The weather conditions should be those {or
which the suppiyboat has to stop operating and move away.

beoin the crder

The impact velociiy resulting from such a condition may be

of 1.5 - 2.0 m/s.
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:

¢, Lmpact encrgy,

When the boat dimenscions and impact velocity is known, wellknewn
formulas may be applied fer the impact energy also taking into account

the hydrodynamic mass of the boat,

d. Sector to protect and height of protection

The sector to protect should be based on the intended appreach direction
of the supplyboats with a safety secor on each side.
The necessary height of the fendering systoin will depend upon facters such

} as wave crest and wave trough, mean tide clevations {fixed structure),

LS

relative motion platfovin/boat (mobile platforms), depth of fender heneatn
minimum waterline and height above maximum waterline.

For safety an extra length should be added at the top and bottom,
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Shock pressure is deflined as the impacer pressure which arise when o Lrookany

wave kits a relatively large strucrure.

Conoorn .

Although the duo ration a.ad exposed arca of the impact pressure iz limited,

this lzad casne is considered to be of grext importance for the local strengih

L

-

of columns on gravity structures
i) 4

Reauirements .

- The possilility of braking waves for liie actual area should he ¢oasidared

in order to determin. a breaking wavehsight (I—ib} with the sumoe level

: . of prohabi 11 ty to occuy as the stormn wave.

[

T . . . . . . L. i . . .
; - Theo corresponding sheek pressare infensity and distribuiion (v pa osliy sy
y

-~ A possible dyna mic arapiification to be taken into account.

S - Calculation to be prescnted of the structuras abllity ioad
zse, a0
Ce A
b
L]
Tnvestigasions have reconily beon carrisd nulabowl the pobs sility 1oy Bras
waves in deep water, As breaking waves were dedined waves with the

> . o . . - P 1 - < fen
Ll 1*1'r wave height in a 10D year period 13 g™ A iy
. (=

aicht in the siovnn spectrant,
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he corvesronding wave nevicd s a5 given Trom the abowve relationship,

The macenitivle of o0 L oy af eourse viry from avel ta aren, but the
bt b b ’U .\i 2 2 )

. . . . 1 . .

v witeo= oluer docw sontation as provided,

The intensily = oy s et e shoek posneare wiltl denend both on

ng wave charoactaristic,. Bonw information about

the structurc and tho b

this may be obtained Tvom theoreilos cvaluation and in situ measurements

on Lreakwaters and Liehthouse. LUnless more soephigticated calculalions arc

provided, the basic cguntion for prossure,

may be used.

L)
g
[t}
)
]

The shock pressure cocfficient, T _. should e chosen according to

and dimensions of the e.posed structure.

DaV is aware of the fact that this is a new problem for offshore deap woter
structures, and is conscquently prepared to cvaluite cther and more

sophisticated methods/approaches to solve it.

Ref, 1
Naht 7.H, and Ramsey F.L: Probability Distribufion of Breaking Wave

Heights.
- Internaticnal Symposium on Ocean Wave Measurement and Analysis.

New Orleans, Louisiana, USA

Sept. 9-11-1974. '

26/2/175
OPT/RG




Local coordinate system.

ly — Cross-sectional moment of inertia
about the local £ axis,

I, — Cross secticnal m of i
about tne tocal ¥, axis.

FIG. 2 FINITE

[ WP § S

Global coordinate systern

ELOMUNT MODEL
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The modsl data ars: .

{

Concrete: E

*

Beam elements:

Nodal masses (t52 mo )
115
’ 213
3 211
& - 86
"5 '195
N
: R
8 266
9 oo 107
10 95
11 9S
12 ' 219
13- - 212
14 g5
15, 16, 17 836
18, 19, 20 ) 910
21, 22, 23 ’ 10000
24 . 33000
Material properties: )
Steel: £ = 21.5 x10° t/m; G

3.5 xlO6 ©/nf G

B 2Zooo - ioeo

No. - Mat. A
2
m
1, 3, 75 9 steel  0.175
2, 8, - "o 0.253
4 " 0.425
5 I | 4‘_._.0.5_-_
6 . 0.378
10, 11, 18,19 M 0.056
12, 15 o C.59
© 13, 14 " 0.864
16, 17 l 0.564
20, 21 concrete 14,1
22 0 17.0
T3 - 23 " 19.2
26 - 28 n %0, 4
29 - b o 1,0

gy
[V
fd

"

¥ 107 t/m

2
' e
1.4 x 107 t/m

O

2

2
Iy Iz
4 4
m , m
2, 8L 0.013
4.15 0.018
6.4 0.033
23.2 0.1
6.0 0.027
0.87 0.0008
72.0 G.b
63.0 . G.b
16.2 - 0.09
174.0 174.0
230.0 2%3.0
413.0 41%.C
11856.0 1165.0
10° 107

1 .
~) W
O} <

W

Wil A\
o O

%48.0

550.0

8B26.0

2272.0
p

o o b))
2x10
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The nodal massed are calculated by adding the relevant plat-
form dry weight to the additional hydredynamic welight. The
caisson mass was thus calculated to ba: -

Concrete bottom slab:

[ - >
S.éwx 1.75 x /e 53.5% . = 4 000 im 12
Concrete walls
-3—'-31 x' 19 & 7220 X 0.6 x 38 - 6goo M
Top shells
%;%l x 16 x /7 x 102 x 0.45 = 500 ol
Sand ballast
%;%f x 16 x/T:9.42 x 7 = 06 300 "

Water mass

N3 , _

293 % 19 »7 x 9.4° x 28 = 15 500 "
Hydrodynamic mass
-é—:—g{- x 19 x Z7x 10° x 42 - 26 300 "

k
\ aa“’”aﬂ/" - ~1.2

e ST 53 500 tu” e

The bottom slab and saend ballast is lumped at node 24 to-
gether with half tne concrete wall mass, half the hydrodynamic
mass and & proportionate amount of the water mass. The rest
is divided beiween nodes 21-23, together with the contribution
from the shaft bases.

~ 500 S 300 L -1

The shaflt stiffness is calculated by using mean values of
=5 , 3 i
stifiness.

Thus for element 23

16793 5. 3. .
I =—s( 0.53 x(350)7 + 045 (25207 SR
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4 Soil data:
i - , _ _ o
Dased 0. wiwe most recent ol ta, NGI has estimated

the s30il shear modulus to

¢ = 2000 t/m%

L s ] P RN

; ‘The radiys of the cguiva i i 3.5 m, anl the

2 influence of the scil on piatformvibrations is then cal-

3 culated according {o (3) which includes soil s5tiffress and

b damping coefficents based on narl space theory. To account

: for a pocsihle return of radietod energy due to so0il laverip
the rrnomo rical damping wzs reduced by 20 %.

To investigate the effect of astiffer svil results are also
presented for a soil shear modulus of,

= & 000 t/m°

Ay gt
DR LR

APtE

i

Additonsl damping.

Additional damping, representing 2% of critical damping
been introduced to reDr:" nt

_ui;> (based on the mass matrix), has b
internal damping effects.

Ty M'rr'?;-'!i!;‘n“xl{-vm AT SRS
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COMNORTTE COUSTHUTTION ~ TOLCRAMOES

COMPRED PLATFORN

FRIGS

ey
I

A v}

Foundation Tor o

Stoel akird

Qppgrete

a) "op of steel skird, on radaus

b) Moximun slope te vertical

it

a) On diamoter

b) Waltl thickness

Domes
diameter horizontal

perfect chapo

a) On
b)

c)

On

On thickness

Slipforn, ccll wolls
a)

Horizontal i
rancn on o ing

tole-
Slipiorn incladed

)

Tance gn i

¢} Wall Lhiclucss

Trom

a) contor

NDoviation of aclual
conter

1+

L
b
»

A\

A

N

W

-t
o0

OO

N

wh

[AS)

2
=

cri

cm

cm

cm

ci

e

kil
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;6. Bliplovi, shi b
a) Herizentnd dinme

talerance on inciall
0 dngluded

b) Cverall deviation from true circle,
on inotaliation  included (cenical part)-

¢) Overall deviation from true circle,

“tol. on installation included
(¢ylindrical part)

d} Wall thicknesc

¢) Distance botween shafts center to

.

£f) Deviation of actual centerline of
shaft from theorctical centeriine

&

-3

Placemeont, horizontal and verltical

noes and openiness, slipformad valls

Plaeccment:

O

P

concrete suriacce

52

. A -
1 -~ gonrarothe Ccover

Reinforcemen

[
o

ad
Reinforcement arainst fixnsd o
slipform:

Below - 2
Above - 2

11. Prestressine cablcs - concreic cover

A Cable ducts and snchoers

Cantilevercd slob:  Covoer min. 10

Dead anchorr:

) y -l - . . N _
o |

o=
xf\
3O
— 7
5

5t
-

Recesses and ovenines in slinformed wa.

MLY (middle low water level): 7.5
T ]
L ¥ 8

1

conther 2
oach
SR NE

.{.

Veldplates ond cother ingceris in slipformed
walls will Le roceocmed aboul 1.5 ¢m from

rms and cell walls

p ‘
R B -
A= aey S

1+

om drnwinie.

/= 7.5 enoaec.

on dravings

wn

10

MAH AR

l__.l
0

10

10

cm

om0
Cm o«

cm v
omoov

cm

cm

cmo

.\;
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Upper

Preclroensines

H0 mm or L
whichover

indivi

du al

\rl
-

i

ey ’] -
Cover min. 10 om

ilorisonlal: +/

Yortical: /= 10,0 em, NN " e b
The thooreticsl cire )
ﬁcxh*dzulﬂ o fhe limiie

Ay d e I
WL {

C 1
E ! &
R +/- 93 of t© (t = wal

Cover min, 10 cm;
Horisontal radial: +
11 “L’H’]{"‘ " | “13.: _-1_ om it L 1} 11

cablos

Cof the distrnce to the nearesy conercue-face
T xmnl]o‘, on the theoroltical poesition ol
cablos or cuablo proups.
y
: ;
¢

- 5.0 em oace, to loo. on drowingo.
t

1o rodius R oas chown on Lhe

5.0 ¢cm acc., o loc. on dis
10.0

n"{‘;.: r
fs
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{od/roel/ahe/jans 25,10.77 talex no 101842
to: norwegian contractors, oslo, att.: ar, wolLlf

copy toi

el stavanger, att,: ma cnund/1rr@en/‘&u eLe~;oe degaard

elf tep2, frigg , att,: gavisg/digoirx/douchet/marchand
ing, chr, ¥. groener, osio, att,: bosrseth
rerweglan petroleun Jirectorats, contirol scciicon, sizvenger

e A .

condeep platform -~ frigg tcnp 2
emptying <7 shaTt ne, 5

A S S NP W L S AUR O WA TEE WU A R R e e R B W A A W TS s TS S

N
' i
we refer to your telex no, 2127 deted 21.10.77 with a request
for dnv accepitance for emtying shaft nc., 5 on the same
cenditions as for enmtying shatt no, 3,
> "" . ‘4‘ ~ . AN om PRI
we reter also our telex ne, 21722 dated 28.2.77 and telex

no. 60016 dated 1.6.77 with our acceptance oF empiying shaft
no, 3 from ova'uati ot of strength of struciture

as shafts no, 3 and © have identical reinforcement, emplying
of shaft no. 5 1s accepted on the following conditions
1. the nuaberof emptying operations should be timited
as much as possible,
2. the general draw-dowvn in platform is to bz betwaen

25.0 m and 35,0 m,

Te De emptied

oy
nex

4. the detailed prosecure for entying of shafts shail be
Included in tne piLatform cparation manual, teking
into account par. 1, 2 and 3,
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RICTEZSY | CONCRETE QUALITY CONTROL. SUMMARY
Re
COMARESSIVE STREING™=
. WPa
egPQRT | TATE STRUETURAL cEuEnt Qi TUIES | SLumP [ LEMPERATURE T liom GULES
MM BEA kgemd | oweg 1T rehoemd er ve  |cancR 1R T, 7- ] 7:"i Teg CA
: : ‘ ! ? : : ! ! ) i
£-1 |28.% 'C: Skirt 9,10,I1 469, 0,39 EL®’ Cit o~ 18 13 as.elnr,Z sT.0 LS 57,5
2 « oo " uegc 6,32 4LP 2F 1 0 1D L7118 10 b ousw 43.1'56.1  63.7] 6.3
g Lo ogwom u 480 0,39 4LP 2R Ly - i ;B §177030,0 5%.0 58,2 &1.5
L2504 " " " 4o 0,39 8LP 2P 1o - 18- 10 4%.4'48.5157.2 $8,3 44,1
5 non " m 480 0,39,uLF 27 10 0 1,80 18 113 | %8.615d.u;S2.4 S3.2° 37,0
<5 2. jm " 8 460 0,38 uLp 22 | 10 - 12 | 7 ] uE.7is0.u 867 89,2 &l.%:
7 Wogeomw 460 7,39 uLP 2R 10 |- 13 jaz jenpsa.e ek a3, st
s | 7.5 " " 8,18,19 4§0 . 0,40:LLP 2R 12§ - |18 15 | 42.§182.3'53.5763.27 65.5
g lg.s v " " | 480 0,40 4LP 2R 12 | - tg9 17 1 43.152.3°68.8 6u.1 65.2
10 8.5 " nob 40 0,39 4LP 2R w .o~ 17 e b 4g.1)80.9 £0.7 5u.3. BE.O
11 je.s i " w | u§0  0,39ibLP 2R 10 . 2,00 20 {20 ! 45.7:48.5 57.8 B0.1 §3.3
12 " l" n n | o5gp i o0,40iuLP 2R 1 - |18 113 | us.3iua.5 37,8, 8C.5 62.%
13 Lo oie " n | uso ! g,s0!uLP 27 12 . far je 49,3i48,6 59.2 '§9.20 §1.8
1 9. " 17,16 | 420 0,386L2 28 15 | - 13 ! u3.00s0.9786.7 81.7 5.8
| 15 0.5 T " " i 420 0,32.5L7 2R 12 . 2,5 15 '11 | 40.3.46.7 51.%  35.0 33.8
o1 ¢ " og" " "y o420 . 0,39 8LP 2R 1u - 14 1l 32,1 48.3% 3%.1 41.5 B€3.7
T L " " E 420  0,33:6LP 2R 11 - '13 | 40.6 44.853.2  $5.u 5L.0
1% I " 1}10:':. for tie L . . E)’M ;[ ' ; ! 5.8 ‘
19 [18.6 [C. Skirt 12,13 @ 420 0,30 6LP 2R oo 17 15 | 38.5.49.1.59.0 505 &u.
20 oo " 420 0,33 6LP 2R 12 © - . 20 ixg iwi.2 &7.5 $8.1 38.7 £3.2
21 ) v e W 520 0,39 €L? 2R 13 f oo D1g [1s. 0.8 u2.¢ 8.3 60.3 4.1
22 1935 v ® " . u20 0,39 6LP 27 1100 - 18 15 fesgusiste 1.3 82.8
23 %30.5—;" " lu,15 420 0,39 6LP 2R 13 - - 13 lie us.e 89.3 $6.¢ 61,5 &2.7
r VO B B " " s20 0,33 6LP 2R 12 0 - .19 20 ! %4.8 50.0 52,1 [AL.5 575
25 | ° i" " n i u2¢ ' 0,39 6LP 2R 1z - 1z is 41.7:5.3 3%,9 8.1 BL.9
® m i” " " 120 . 0,39 5LP 2R 12 - 18 f13 41.7 u6.7 §5.8 33.§ 81.¢
? | % % | L Mean Value |38,2 88,2 §7,3 60,8 [€3.3.
; : i | ; ; i | e« Deviation 3,0 2,3 2,2 T2 2,2
E-'s_’? ’1)28.1 ‘Anchorafe,Inn‘n.i u3g 0,38 ?‘.LF - 10 i - 20 13 E 42.0 53.8
28 o 0 " ! 490 ¢ 0,38 1LF P 1200 (18 %1.3 50.3
| A A
i , : . :
F.29. 130.7 Lower Dowe 13 . %20 0,40 °SLP 2R 12 @ - 12 20 45,8 5u.2 60.§
3 Lot moom. %20 0,50 ELP 2P 15 . - 11 17 4.5 '56.0 60.5
i 317 " m m } 420 0,39 SLP 2R 12 - - 10 ;13 4e.n 58.7 51.0
32000 " "M k20 B,4 FLP 29 18 - ¢ I3 45.7 57,4 81.3
33 10" " "% . o420 0,-0 6LP 2R 17,5 - 12,312 ©3.8 57.8 50.1
3 b " w m  4gg 0,u0 BLY 2P 18,6 - 12 12 ug.6 55.1 $3.7
15 " " ® W 420 3,40 SLP 2P 1 - 12,5 13 4§.7 56,7 62.%
8 " " ® W u2Q 0,40 BLP 2P 1u - 3 .11 su.5 su.2 57,38
37 . 1.8 " wooon 428 0,40 SLP 2R 15 7. - g 11 yu,3 36,7 3I7.4
ER " m w420 0,40 SLP 29 5 - a 10 4u.y 52,8 §7.3
39 " " w w420 Q,4C FLP 2R 13 - § it LE,? 58,3 8.7
40 1.3 " oM 435 0,40 6LP 2P i1 - s 1 50,5 80.1 "§2.u
w1 " noon 520 §,40 3LP IR ik - 9,5.18 44,3 53,5 58,2
T " W m w20 0,40 BLP 27 T T 40,3 50,0 '31.°
v " ro® 420 0,u0 SLP IR 12, - 9,80l | (1.3 9,6 7.1
by " W w40 0,48 3LP 2F 15 - s 1 W39 .7 36.9
4s o " "om w20 0,30 BLS iR EECI 2 § .1 43.5 $1.2 '57.%
' i",-‘u’& . Voie ‘J —“—#T:_i-ﬁ
| 39/ 187A E ‘{3/‘68 Page ]
] g 1 l
- : _ R —r et vit m eebra i i b e
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MOTERY CONCRETE QUALITY CONTROL. SUMMARY
RE
Z , CIOMPRESSIVE LTRENGTH
| Eie]
REPQAT cu.rg. srnuc'runa'; i E:sxau' _n:nl‘.f‘,ﬁza Ll ik tEusERainE S liem CUBE]Z
neusen icq,mfv weg g, "ERmd cm e [COMCR i LYL 14 Jr | T g l Teg ]1 E,;o_!—
; : ; ! ! | | ; : : :
f B T T S S S P R
E-46 [2.8  Lower Dome 12 420 0,40 BLP 2R $5 ) = 18,5 13 | R7LTS3.E 58,3 !
g7 ¢ 7 . .= % % &gy 0;a0 ALP 2R .17 - 3\ 1w 52.5 50,70 82,9
g8 {m e m® a20 0,80 6LP 2R IR P T 43,90 52,5  §5.0: :
g | m 1 e w w420 0,40 i8LP 2R 11 ' - a5 16 | 45.9 S4.4_ 65,7
.- % | P o :Hean‘Va%uea § (B5.5° 53,5 S&.0
E-s0 13,8 | 7 "9 }u:u ly e "sLP R 16 SEn DyteTeR L F 0N oA |
1 o5y o | o | 4wzo ‘0,41 SLP 2R 18 - 12 LI . 87.1 30,7 34,5 :
52 | " i wooomow iuza 0,45, 6LP 2F - 10 23 4.8 57.7' 59.6!
s | | % " v lssgro.n0 ELP 2R 17 - 11 f2g 4g.6: $6.5° 63.1
TR R R A |nse g,u0 lsLp 2R 18 - 10 L 2o 45,6 5%.0, 38.%
55 jens | " moom 20 0,40 PeLp 2R 12 g - 8,8 tar 47.5 $5.8° 35,6 :
6 isia ¢t mon luzo ‘o,splelp o 13- o2 2y 47.20 54,40 33.2 g
g7 ln . m m w iuzo 0,81 6LP 2R 16 11 .23 47.4053.5 $5.5 ‘
sg 1w m o« lu20 0,40 BLP 2P 17 .- .10 25 48.3 58.5 §3.7 :
s | w 4 m a w sz 0,80 6LP2R 16 - 10 21 §0.2 §7.% 53.7
s p"omom 'y20 .p,uC (LR 2R 16 - 11 13 4?.% 53,3 §5.%
61 7.6 ¢ " " . iuzo 0,u0 sLP 2R 12 - 1 17 40,6 I5.5 80,5
g2 | " L v * " 420 0,40 BLP 2R 12 - 10,513 47.7 55.1 54.7
§3 (" . " " " 420 0,40 'SLP 2R 1 - 1 a7 47.8.52.1 60.5
gy ow ion » % 1420 0,3% BLP 2R 10 - 110,518 47.7 $6.5 59.8
5 ' " m m @ 420 0,40 6LP 2R % - L 23 §1.3 58,1 62.8
§8 i " i " n. W iy20 0,40 SLP 2R 15 ' - 1 a5 . 50.0 57.% 62,9 ;
87 . " . " " m lu20 0,40 &LP 2R 1s - 12 25 ! 50.5 36,5 53,0
58 " 'Achorage, Zoltd: .~ EXM i ; | 2a 27.4
69 | " |Lower Dome 8 420 0,80 SLP 2F 15 I RSO I D 51.ui53.4 0 5b.1
0 " " mm o 'u29 0,40 6LP 2F 15 - 10 18,8 47.5'85.8. £1.9
.- ' l ! ‘Mean Value. ug.3 55,5 . 359.8
; ! ll : iI 19 D:eviat:‘;lcn _ P20l 2.1 2.
L | b N
E-71 8.8 _Rad.Skirt 1%-6 520 0,40 LsLP 2R wo oo 19 Pz | u7.8 $5.8 s4.1°
l : b : L ! R :
72 112.8 'Lower Dome 17 20 0,42 §LP IR 13 - 12,5 17 7.6 35.6 56.9
73 0 % . % noom lugp 0,81 6LP 2R 10 - 11 37 47.6 4.9 89.1
79, " 0w "M 420 0,43 BLP 2R 16 - 17 47.6°58.9 62.4
75 ‘13.8 ; " % T 1420 0,42 6LP 2R 16,5 - 10 I3 §0.¢ $8.8 63.5
% . m m w1420 0,82 S5LP 2R 13 .- 10 e 52.8 50.8 Su.1
77 " w m M 430 0,42. 6LP 2F 15 - 1 20 4.8 57.8 8.7
78 " nm m Tuzg 0,43 6LP 2R 1§ - 12 2% 57,6 53.9 58.7
79 " m . m 420 0,41 BLP 2P 1 - 10 17 Lg.1 53.0 62.4
80 " " m w420 0,62 BLP 27 17 - 1o LS 45,3 35.9 60,5
81 1e.8 . " " " 620 0,42 SLP 2F 16 - 11 1w 50,4 57.5 1.3
82 . " " wow w20 0,42 6LP 2R 17 - 11 13 50,5 §7.6 - 43.2
83 " " moom 420 0,81 BLP 2R 13 - 11 17 50,0 58,3 §3.7
8 is.8 " " T 420 0,47 ELP 2R 16 - 12 12 4.7 $5,8 5.8
85 . " mw w  u20 g4y GLP 2P 1w .- 12 13 0.0 58.5 4.1
88 L L 0,82 B5LP P TRt I LI tu5,3]5u,2 5.6
g7 . o v 520 0,4l BLP 2P 120 0- 12 "15 0.3 %§.7 $6.0 60.5°
g8 , " ¢ M T w470 0,42 ELP 2R 1z 1e iz o 1w se.@ e3.F A0 6L.S
! % | ' : i * ! | : i
DATE Ve G ' "_:‘-‘:c-r.o Tav
19s1 1978 {- 134068 ; 2 %
% !

1
’
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NOTESY i CONCRETE QUALITY CONTROL. SUMMARY
RE
COMPRESSIVE $STIENSTH
viPa
AEPQRT o:.r'e. STRUCTURAL CEMENT AQMIRTURES SLUMe R T-:MPEﬂAruni": tiem ZuBES !
MEMBER kgrmd | wen 1t sEd 'm? sm oy LA ] 418 33 l T l ::T Teg, ‘ Tsn i
£-89 1lu.8 1Lcwer Dome 17 ‘w20 0,81 SLP 2R 11 Z - Ell.si 12,s§u2.: :3.2 .;:.j zz.zj |
g¢ (15.8 ; " " " 420 (9,41 6LP 2R 10 i - (20 112 .84.8 87, 252, |
o . ! Mear Value - ! 182,7 : uB.u 55,9 61.2 ‘
E : : ; ' St. Deviation ! L2 2.02 é.i; 5;.;5 |
£l |19.8 [Lower Dome 8 %20 0,43 | BLP 2R IIs [ - ;: | tz l ;:i.: 1:5:15 -2 1
¢ jeo.g v " j+20 lo,43 ., SLP 2% s - i | ;qg.s 3587
§3 - " " om qun En,ua . gLP 7R .12 ' - !a L 12 | us. ;;7.[; 51'5
94 " n " 1 T4R0 70,39 . BLP 2R 1% - :8 . 13 E an'; :51.; ' 61.5:
95 " w o on §uzq 0,42  SLP 7R g . = .8 ; 19 | ug, 55‘51 59‘5
ag | " " m 5 jug0 .o,42 . BLP 2R 17 . - 81 5ic.: 58.8: 51.2 ;
a7 | om nooom ‘iuzo o1l eLp R 12 | - 8 { 18 %uu.s;u?.a 8.8 0.2 |
ag " | " " " I 470 ;0,'42 E gLP 2P ks = 12 i 17 i ;“;.3 | su.-z | e .
99 wofow mo w120 p,u2 ! 6LP 2R 1w o - 13 4 15 | 3 5.51 5.8, ;
100 L T "o fuzo g,%2 ¢ BLP 2R 14 1 - 12,5 1% : 47.8 25.55 5'.; !
161 21.8 0 m @ % w20 g2 6LP 2R (15 ¢ - o118 43.0 37.i ;v.s' s;.s; [
w2 Lo owww buzo ou20 sLp 2R 1w D o- 12 13 g, ‘;.5 :a.Ti ;
163 ! noobow moow o ly20 'I,42 8LP 2R 1L f - .10 P18 4.3 _: .B ;'.11 |
e 1o fom w7 fu20 o,ur; 6LP 2R 15 0 - 10 ! 16 7.6 :f.o- ;:-u ‘
bos fmoow mom iwgo o2 SLP 2R 12 0 - 12 4 1E A6 0.9 B
106 i " P " " Eu?ﬂ ‘9,42 , BLP 2R 1 P :ll,5i 16 . to.1 .5:.;‘ sn.“,
Yo7 [ v . v % % 1u20 0,47 6LP 2R 13 - 11,801 49,5 53.7. S;.u
tos 1 mo o ow woom luzg o,u2. 6LP 2R 16 - ;10,5} 15 45.8 537 53'1
we laz.a | " woom o la20 0,82 6LP 2R 15 ¢ - Ee | 12 ino.e 45.8 ai.: -g',
116 o L omom o a0 0wl ELRZR 3 - (11,516 0 sg.u S 2 24.1
1 Lo moom iwugg g,el, SLP 2R 12 1 - 415 118 T §0.9 60,3 6%, |
i E : | : ! Mean! Value: 83,7 47.9; 56.4 §0.0 5
E : : : | : ! st. Deviation ' 2.3° 1.8 2.00 2. !
i : i + : : o ; ] “ ‘ |
E-112 126.8 | tower Dome 13 | 420 fa,ua % §LP 2R 12 | - ia,s E 18 '41.2;u?.7 ’s§.u; ?s‘s
© o113 1.. " . " " o | 20 (0,43 6LP 2R " 13 - ;10 1s iuz.l'%.: z;; :;z
s | v % mom 820 ,0,u3 ) SLP 2R 13 R ,::.5 e 22
th S L m v 20 io,u3 i 6LP 2R o, - 11 | 14 6 .1. o0
s . " i v iwgg ‘o,43 sLP 2R 13 - 112 1w 49,5 58.1 6l.
117 i27.3 0 .m % fugg o2 ! sLP 2R 15 . - 10 12 kh .y .:t.: :i.:
e ;" i n "ooms20 02 sLP 2R 15 - 9,5 : 12 ::.: 53.0: ss:u
1230 v oo wom 420 0,42 SLP IR 18 - 1w D13 : o) e
3261 m . = W m iuzg o,u2 LR 2R 16 - 10 13 6.7 §2. 7
123 ' e m v w20 0,42 8LP 2R 1B - 3 15 39.6 u4s.t 51.9 51.0
122 v om » w420 0,42 BLP 2R 13 - 10 1% 481 583 61.0
123 " . = " n.o420 0,u2 LP IR 10 - 11 15 9.1 »58.6 :9.:
126 ;. ® ' mo m w420 0,42 ELP 2% 13 - 11 .13 54,5 54,9 ia.
y2s  moioom ® m w0 G,43 ELP 2R 1S5 - 12 1§ 46.2  5u.C ,7.:
128 e = m a20 0,43 8LP 2R 13 - 1L 1 w7.6 . 87.2 61-0
127 . " w420 0,42 SLP 2 12 - 11 13 w91 %5313 51-:
178 " " mooom o470 0,43 6LP 2R 13 - 11 1 4B SELT ZZ-:
w2y Moo " w  ugn G,ul SLP 2R 1 - 1 17,55 ‘ ua:s .ss.u- .5 i
5 3 E&an Yalue ba1.0{37.5 56,30 59,1
: i | ; St. Deviation 2.4 2.1 2.F E
5 ! , : | , | g
d i \ | P ; ; ! ! _‘
l | ' : ' 1' : : . ! . s =
Yoars 3B NS {ows i
! 1471 1378 13468 l 3 1
]
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: o avedl s 4
£ ROTESY [ CONCRETE QUALITY CONTROL. SUMMARY
) RE
. SOMPREISIVE STHING™H
MPa
l WEFQAT JAIE STRUCTYRAL SEMEMT AJMITTURES 5@:4:- AR i TEMPEIATURE G tiem CLBES
MEMGER ‘,’/m.\ wee jl*'-' pEd 1md am Y, (LoNCR ! AR o3 71 i T } 7 il Ten l
' ‘ | Lo T
. £-130] 26.8 ' Lower Dome 7 %20  @,42- 6LP 2R '12 - 10 |15 | ;-.9.1; S6.4. §1.9: ;
EDE L * .m 420 . 0,42 SLP 2R 15 - ;10 ELE 149.1: 55.888.7.
i 132 " " m " w20 0,42 BLP 2R 12 1. 13113 ¢ 156.0; 57.5:53.7, |
l. 133 " " mooo® o w2) | 0,42: 8LP 2R 1S - i'13_ 112 ’ :su,.cz 5E.415%.2
' ot t1aud 29.8f " moom w20 lo,s3fosLP 2R 11 - 1127 (100 ) {47.81 $5.1,58.3, é
. 135 " = moon lugg o,u3] 6LP 2R 113 - 11,5 10 E us.8: §5.5: 50,1 :
I 136 " " " n |u20 9,3, 6LP 2R 13 .- 112,810 | fus.3. su.use.2
- 137 29.8 " woomo tyze 'g,s2 6LP 2R 15 - | 1o 18 ! 5.8 58.2055.7, 1
1ag| w e w m lygg 0,42 BLP 2R 10 - l1,s1e : ‘48,1’ §6.9161.0.
[;,‘.‘_ 139 " momou20 00,82 BLP 2R Ik .- 11 W ]u3.1 il;?.l 55.6: 61.0
s g " "W l20 10,830 BLP 2R 13 - 11 112 deg.1 . 83.5059.5 ]
. w1 o mom @ luzp , 0,43 SLP 2R 13 i-» b1 liz [49.5 §3.9'61.9
3 D : ; : | #ean Vatye! 43,1 82,1 55.6% 60.1
‘- g : i ' ' ‘ | : 3t. Qev:ation - 1.7 . 1.2° 1.7
: ' : i , : :
- ! 182 4.9 ? Lower Dome 6 [420 0,ks’ BLP 2R il§ - 8,5 12 43,30 §5.3 56.0
.. | qu3, m 0 om mom 420 - 0,41i BLP 2R 1 - g 13 47.2, 56.7 52.6
' wal v 0w w e lygg 6,82 6LP R 12 - g e 48,5 $2.7 80.5
R s » oo « = ly20 0,%1' $LP 2R 15 |- § 13 | S1.4 37.6 53.2
I wel ™ 1" v w uzo 9,81 LP 22 18 - !B E” 7 44,8 535.3 §£.0
¥ P UL AL A n s 1420 - 0,81 BLP 2R 10 .~ 8 12 (84,07 48,3 $6.2 58.7
143 5.9 . % m 7 ‘40 .Q,s2 SLP2® 12 - 1§ 112 ! 47,2 55.9 56.9
wel w1 w e w40 g,uz sL22R 13 1. 8 | : ‘47,8, 54.7 583
150; * L " v m Lu2g 0,42 6LP 2R 13 - 210 111 1N7.2 854 50,5
117 " "M oju20 0,42 6LP 2R 11 - } 10 in 5 [¥3.1 §7.0° 815
152l | m m % 420 . G,e2i GLP 2R ¢ . {10 ;12 ©§1.37 §57.w 81,5
1830 " b mm W tuag g,u2; BLP 2R 10 ' - e 12 . 48.6. 55.5 57.8
o~ - | " : 3 i i E!"ean blaluei éua.ni 47.8. ss 38.4 ;
3w | | 1 ! st B‘Ie.,ini«on 2.3 1.2 2.5, 5
: | L L
o 154; 5.9 Starcell 13 420 u,u1; SLP 2R - 1u | -1 10 83.2; §0.6 §3.2
Dot ! : ! i : : i
l 155: 9.9 ! Lower Deme 2 fuze 0,401 SLP 28 1 - 10 1w Y4,4 53,7 §5.9 '
156, ~ . » moom w20 0,el SLP 2R % - 9 1s 49.5 53.1 52.8
' 187 " mom 420 0,30 6LP IR 14 - 12 16 - 0.4 57.7 63.7
. 158: * " m v luz0 0,4, 6LP 2R 15 - 16 13 §0.%. 58.% 6l.3
‘ 159 " on w m 420 Q0,41 6LP 2R 1v - 19 12 - 49.5 57.& 53,12
- 169 " " m w  y3q 0,40 SLP 2R 13 - 11 12 9.5 $7.4 62.8
I 161 0 mom 420 0,41 GLP R 13 .- 11 11 48,5 §7.% 51.9
| 12 10.9 " moom 420 Q,sl BLP 2R ;- 7 o (47,6 35.60$9.2
L 163y * . " " " u¢ Q0,41 G6LP 2F 15 - g 10 49,5 59.00 6G.5
l,- 6. " om ™" 420 0,81 S&LP 2R 12 - 9 10 §2.3° 81,0 6u.9
‘ 165 " " mo% 420 0,80 6LP 2R 11 ot = 3 10 ‘51,2 51.3 52.4
' 18, v 1w w M 420 0,40 &LP 2R 19 - 1 ':12 53,2 59.4 53,2
I.. | i | | Mean Value: I ‘39,8 | 58,4 62.5 .
f ; ' ;S‘t. Daviation | i 7.3 1.8 1.7 !
i | * ' ‘! ! 1 ! ! ! b : : !
' L L R S S S A
lcme TICB 1 f o NG i3
' 19/1 1875 134638 i ; i
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. mEmONMNEDR T CONDEEP
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. S ELF - NORGE A.S —FRIGG TCP 2
i NOTEBY CONCRETE QUALITY CONTROL. SUMMARY
I' A
COMPRESSIVE STRENGTH
. WPo
l. REPQRT QATE STRUCTUR AL ZEMENT AO”!I?;’ﬂéS SLuME AR TEMPERATIAE "z 13em SURES
, MEMEER Fc/'ﬂ’\ we |1T peromd - ve |eomer | owe | 9 \ 3. I U:u—i Tse L Tag
i : L ‘ i i ! : |
. £-167 | 11.9 Lower Dome 3  420. 0,41 SLP 2R Pis o f- pr o im3omell (30.0 53.7 50,1
158 nolo. " y20 g, &LP 2R Cin - i3 13 : '56.9 7 §2.9°70.7
: 169! v Low om 420 0,41 _6LP 2R | 1 T T l 49,5 . §9.0-63.2
" i TR " 420 [.0,%1 ELP 2R o 1% - BT 1 us.v'\sz.a ,§8.8:85.0
ST L " 420 ,0,¥1° BLP 2R T 13 1 - s 13 47,6 ' 59,2 §2.4
L 172w Loww . 1420 .u 41 SLP 2R 13- o« 1o 11| in7.5 « §6,3 58,7
'_ ' w3l T i oo lhzo ‘o,u1eLe 2R 12 | - (16 131 ¥9.1 57.% 80,3
- RCHPEIC RN 20 jo,u2 6LP 2R 1 - 10 '3 5 lys,2 1s3.5059.2
_ 1 LI 'wag 0,81 6LP 2R 1l ¢ - ;10 I3 [ 50,0 S7.3 52.u°
"' s | v " " 420 0,41 SLP IR 131 - 10 23 '§1.3 E2,2i8%8.%
- ot P R : : : E l 'I :
: | ; ! . ; : '.
L i i ! ! A i | ' i
| Lo A
l 177 {12.9 ! Cable Anc. i : : ; ) 1 6.2 5.0 (5.5 !
. ! | | o |
178 112.9 iLower Dome 3 420 u,41 . 6LP 2R 13 . &3S 47.2 ©§7.5. §1.0
| TR R L L TR N e ' 87.6 38,7 1.3
I' : Mean Value E Cuu.9 4.6 T 58.% 52.3
; ; 5 : 1 St. Deviaticn | 1.6 2.5 3.2
- 180 16.9 'Lower Dome 1. 420 0,42 - 6L? 2R 12 - iz Bs 38.1 61.0 62.2
'l_d 181 {17.9 ; " o w29 0,43  6LP 2R v 1 - il ila ' §0.% £7.u: 61.0
' 182 0 % 1o " w420 0,51 ALP 2R 12 .- & 23 . 56,0 . 52.6: 89,2
183 v " w20 0,4l ALP 2R 18 e 20 23 85,3 52,3 33,3 61,8
186 | % i om o mom w3 g,u1 SLP 2R 15 . ‘10 Py o $3.7 62.§ 6§5.u
T "« h20 0,31 BLP ?F 12 . - 112,536 47.2 35.¢ §3.2
186 | " 0o ® " 420 0,39 6LP 2R’ SPUIEEY B T $3.7 82.2°, 67,5
187 ] % " "o 420 9,39 (6LP 2R PRSI § S 54,5 4.8 70.9
g b v Lo nom ,%420 0,40 (8LP 2P 1 .- j13oze 4.6 53.u :83.5
189 Lo mon h2o g,y 6LP 2R 12 - 13 13 L st osa.eisuw.g
O . A A
-Ib. - 19¢ | I\iot ex:.stlng L : { i [ I g : : I |
o R I A
.- 192 118.9 Lower Dome 1 420, 0,50/6LB 2R 1 5 - 12 3 52.3 ‘81,0 1 83,2
l 193§ v " s v 420 0,u06LP 28 13 |- 11 23 - 38.2 '63.9 1 66.7.
' LTI " " om 820 0,40 SLP 2R 15 - 11 a2 §5.1 '63.7 68.5°
195 & " w " m w20 0,40 SLP 2R 1 - 1 su.6 81.2 ;55.8
196 | " " mowo 420 0,4G SLP 2F 13 Co10 1 47.251.9 §7.3 . §6.7
l' 197 ¢+ " " " w g0 0,4l SLP 2F 17 - 10 % $2.3 53,7 87.5
_ 158 | " " " m 429 0,40 SLF 2R 6 - 11 11 51.3 61.0 §.S
- 199 " " T o® az0 0,40 §LP 2R 12 - 1 1 51,9 &0.1 ¢s6,4)
. ' Mean Value 46.3 52.3 80.3 §3.3
: §t. Deviatiom 2.0 2.8 ¢ 3.1
l_ 260 23.9 Lower Dome 10,11620 0,u0 SLP 2R 10 - 18 12 €1.9 6..7 65.7
201 oo " " * w30 0,47 SLP 2R 113 - 15 .1n 51,7 62.8 .67.1
) w2 "o "™ 420 0,40 SLP 2R 13 - 18 13 45.854.2 152.7 53.1
. 203 0 0ol " " w20 0,%0 ELP 2% 3 :- 1 | 55.% 63.5 [87.5 :
w0 o o " " 420 0,80 SLP 2% 12 |- s e ' ii.7 's1.9 su.9
208 v 420 0,90 SLP 2R 4 e 1% w437 51,4 (80,3 ALY
- \ams Bt | s s
' l 19/1 1975 13468 i :
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B b = CONCRETE QUALITY CONTROL. SUMMARY
RE ' '
SOMPRARESSIVE STRENGTH
Wha
REPART JATE STRUCTURAL CEMENT AGMIZETLAES 1 SLUMP AIR | 1_cu=z=uua€ ‘z liem IUBES
MEMBEA wgsmd bWl 17 sgR 1md ‘ em o cance AIR Ty i[ <y E Ty [ l Tyg |
; ' : ; ! ! : l i ! i
£e205 23,9 | Lower Dome j0.11 w20 o,u0 sLP 2R '8 oo liwog2 by3.7 s1.4069.3; §3.7 :
w0 | " v T m  y420°'0,4C .8LP 28~ 1S PERE TR $0.9'60.1  6u.l :
aerlw bowo W o ajooud sl R M - iz ie §1.9-62.6. 54.1 ‘
s08 | % . MM " 420.0,40  ELP 2R 17 -t he ©88,1;59.2. 50,3 i
200 fau.a " T M| 82010,40 SLP 2% 13 - i e | | ua.¥ 58,3 0.1, :
235 | o " " n | 420 0,50 | 5L 2R RTINS L TN ; 47.2 56.71 59,2, :
ar v o n " uzgig:qo sLP 2§ 18 A LA LIRS 52,8 E
212 1% 1 m w w1 uz070,40 6LP 2 1mwio- i e | £3.7163.0¢ L3 ;
213 " " " " ' u20 0,40 6LP 2R 1 - 12 P11z i 50,4 63.3: 68,3 :
214 | " " " " 420 .0,40  &LP 2R 12 . - . ls P12 36.3 62,3 89.7
215 | o w m m | u20 0,40 :6LP 2P 17 i - TR I : 52.3°59.2" 6%.1
s | v 4 omw | w200,u0 LR 2R 16 | - l1s (12 jse.8s 51,2 62.2 0 65.3
pa7 1m0 ] " . 200,42 |6LP ZF 20 - .11 |s ‘46,7, 55,7, §1.9
s i v 1 on o m | wzeies1 ELp 2R 17 - 12+ 9 180.3° 89,5 §3.20 810
219 [ " " w7 w00 BLP 2R T 1S DAL 1D R | 5.u 58.3 58.3
220 0" 1o tuz0 0 80 6LP 2R 1 "= 1z -8 50.0:59.2  63.2
2210 L% [ %M m i w20i(,en t8lP 2R ORI ¥ I $6.9 §3.27 68.7
222 25,9 0 " mo o420 0,4I  6LP 2R 13 - s e §3.7 62.7 85,4
223 0 % § m m .m0 420 0,50 | ELP 2R 130 - .8 98 ! 56.4 69.5 53.3
224 i n { mow w430 0,40  BLP 2R 14 | - .12 t11 ! $2.8 £2.8 - 63.2
226 1 % 1% 3 % . 420 0,k0 6LP 2R 12 = 13 18 89,5 58,1 &L,C
216 ' @ s w m ! 420 0,40 6LP 2R 13 . - 1% 18 :  $1.3 6L.5 65.3
227, " WM ® D420 3,80 8LP 2F 1% © - 1% j1E 82,6 50.9 §3.2 EL.S.
228 1" wom o420 0,40 SLP R 12 - 14,501 51,4 EC.1  55.8
228 | " f " n "L u20 0,40 [6LP 27 . - ;1u,51113,s‘a1.n 48.5 56.3 31.5
230 | i "™ 420 0,40 . SLP 2P 12 0 - i 13,5 $0.0!59,2  31.0
231 L™ 0o "M w2000,80 SLP 2° % - 15 113,85 4§.7 £5.5 © 30,5
232 | n " =™ L u20.0,0 SLP 28 18 - = 16 C1u . _ .39.1 58,3 62.8
233 | m pomw | w20i0,40 j6LP 27 LR FUR £ : 49.5°59.5 : 61,5
23% (26.9 ; " Wom ) 420 0,40 @ 6LP 2R “13 . - 12 15 §9.5 §0.4 . Au.]
235 5 o n | w2 0,40 ;SLP 2R 12 i - 12 s 50,9 52.5 1.0
s ! ! i % ‘Mean Value 43,0 51.2 60.4 - 83.9
; | : [ 'st. Deviation 2.2 2.5 2.3° 2.5
i ! : P
. ;
235 129.2  Cell no.20 500 0,40 ILP 11 - - 1 4,4 56.5 55.5
27 Lo moomoom 480 0,40 3ILP 12 - 18 $1.4 5.8 €1.S
238 " noonow 480 0,30 3ILP 8,5 - 18 11 $0.4 56.5 53.2
249 . " noowom 480 ' 0,40 3LP 7,8 - 1% 11 49,5 §F.3 &C.1
41 " noonon . 489 o,k0 SLP 7,5 - 1% 12 50.0 58,8 B2.4
2wz |7 nomow 430 0,40 4LP "8 - 12 . $1.9 58.7 §5.7
3 30,9 noonoon ug0 0,40 MLP 11 - 1w 12 50,9 56.3
2uy " I 480 0,u0 LP 10 . - 13 12 $6.4 56.3
247 " “omow 480 0,50 5LP 137 - 18 13 52.2 §3,4% 60.1
e rorom 80 Q,u0 LLP 12, - 6 1% 46,7 $2.6 57
e vy vomon 480 0,29 4LP 10 - - 15 1y | 7.6 53.5 80.5
252 - moom e upg 0,39 S0P 12 -2 s law ! s0.9'35.1 54,1
: ! X . J ' | ; :
. : : A R ‘
‘» 1 : ! i | » ! ;
tcr_ T ea o I_:' §5 G, '% e
| 1e/1 1978 15465 P |
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Ve R e . CONCRETE QUALITY CONTROL. SUMMARY
RE |
COMPRESGIVE STRENMGTS
“tPo
AEFORT SATE S‘TWUCT [FLF 1 LEWENT AQMIZTJAES S LM AR TEHELIATURE .'C Vigm ‘:Ua‘ES .
Mewagr .‘q,m] wrg 11t cEErml  f im [P 41113 ; asm a, ! T j -‘I:al Fep ! Ty %
3 : : ; ‘ ! ; ? : L
£-253 130/9 Call no. 20  [4e0 0,39 SLP ‘11 L1s o L L 4g.1 33,50 1.9 %
28% 11/ 0 " " . 480 'G,u0 -SLP 9 : P17 f 18 ] ) 4§, 3508 j :
285 | . om o owo W 480 0,40 , SLP 13,5 16 15 : 99,10 56.1
256 | ™ i a m n 480 0,40 * 4LP 11 11775 17,5 ' 67,60 85,5 55,6
258 LI L 480 0,30 | 4LP 18 120 126 | { %9.5i 58,3 .50,2
ST I 4go 10,50 | oLP Lig 26 120 | 50,0; 56,7 20,5
250 0 " f oo 489 10,40 ) uLP P15 19 12 ' 38.6.55.6 5912 ;
281 “ mooEeo 480 i0,40 . ALP 13 TR ; 50.8157.7 87,5 . :
231 " | e m W lugg o,u0’ 3LP i15 ! P 12 | | 44,80 51.5 54.2 {
260 | v « @ 480 '0,%0 ILF BUIE 18 112 | 46.7 52.6 5u.6 _
285 1 " L 460 ;0,40 | 3LP s | LI IR L | %95 54,5733,7 ]
263 12/10 LI 480 10,40 | 3LP I fie 13 1 7.2 83.0°58.3 f
269 " LI gag lg,=0 | 3LP g 16 113 i u8.5° 51.9 58.7 ‘
270 | "o, " %" 480 0,40 ! 3LP 13 15,50 15 §5.67 52.% 158.9
271 v Lomoomo 4g) 0,40 . 3LP S 1575 18 uu.8 51.4 58.9
2720 % 1 m 5 m lugg u,u0 3LP 7,5 SRTIEES £ 43,10 §4.7 £8.7
2737 v om wow | w80 0,50 , ILP I fly [ 1s.8 W§.6 S4.2 57.4
274 (3720 M. m 1420 0,41 3LP 12 RV I 42,9 5.1 32.8
27§ " 4 """ (420 0,41 73LP 1] 1513 43.0 0.7 5l.%
296§ " 1 % m w480 0,40 3LP 1% 15§10 46,2 33.5 4.2
2770 0w 1w mom o lwgl €40 3L 13 t1s 10 45.3 52.1 54.2
278 ;. %+ m w m " ugge o,u0  3LP 8 1§ 12 $8.86 55.2 §8.7 ?
279§ wrioomoom [ 480 0,40 3LP 8,5 ! Pl 12 4g,8 53.0 57.4
280 ; " m o m ugp 0,40 . ILP 3 S18 13 45.2 §2,8 53.4
1 " LI E 480 '0,40  3LP 8 P15 1 43.3 52.5 §8.4
S0 | I f A . .%’ean vcmef ’ %8.0:5k.2  $3.3
Ub; i ; 1 i : .St Dev‘atln1 ’é 7.8: 2.3 3.4 ;
i t ¢ . i ' X
o . T o
i . | ! P : I ! I. f X : '
238 125/9 | Lower Dome+S | 820 0,01 6LB 2P 8,5 ! by g . §1.% 58.5 G2.3
255 {30/9 oo LI i 420 0,41 SLP 2R 1 % : 11 12 § - 49,5 58.8 §7.8
w5 b w m Cuzg 'g,ulf BLE 2R 18 ! 11 v 43,0' 51.7 533.8
250, " ' """ 420 0,40, 6LP 2R 12 f1e o 1m 7.6 55.1 61.9
a1} " ;""" w20 0,82 SLP 2R 13 1213 49.5 55.3 £2.2
2701710 " " " w20 0,40 6LP 2R 10 13 . 18 2.2 §0.0 56.8 61.0
262! » - m w w  y2p 0,8l SLP 2R 15 1 15 §2.3 59.4 53.7
S TTIE momm luzp 0,s0 ILP 5 1511 4905 $4.9.53.7 )
266 .2/10 " " " L1420 0,1 6LP 15 1 u §9.1 §7,2 §1.0
267 0 0 Mm 420 9,4l BLP 2P 18 9 12 42.8 £0.9 57.8 51.3
Ty ! Mean Value 42.6 49.2 §7.0. 8L.5
\ St., Daviaticn - : 2.7 2.5 2.4
‘ f : | | ; & 1 f
S e
. : ) . i
S ; S b Lo
! i : . i ’ | , ‘ | ! r :
! i : ': ! | : 5 : S
Jarg {:08 nC o !{: F> |7
1373 1'7-:i| 13458 | 7 i
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" CONCRETEZ OUALITY CONTROL. SUMMARY
RE '
COMPREZGIVE STRENGTH
“MPa
nemr;f DATE $TRUCTURAL CEMENT i AQMIXTURES SLUME AlR TEMPEALTURE © l3cm TLBES
MEMBER xgsmd | wse ]‘ ltecq «ml Lo v, |zawea AR a5 T+ L 2T l T i Taq 1 )
5262 | 6/10| L. Dome 15316 420 | 0,43" P 2B 18 ; | 13,5 8 l13.5058.5 [52.8 !
ag3l m i .om v 20 ;0,43 6L® 2R TN j 13,8 7 'us.6'58.9 R 5
qau| w v m " 820 0,83 [BLP 2R D18 s T j48.6:58.3 641 :
285 ¢ 7/10 | " . " 420 | 0,81 6LP 2R 13 ! i.g~: 8 '54.2:85.0 :85.9° ;
286 | " - " w  iu20 0,41 sLP 2P 13 i 9"; ? 353;7250.1 84,2 f
Tag7| ¢ LA 420 | 0,41} sLP 2R 13 ! b |1 i6e.5!56.7 1 §%.1 ;
seal 7/i0] " v lw2n s,51' sup 2R 12 | 10 | 11 lgo.u.57.2 51,0 i
2ea| " v v % Je ! 042! 6L? 2R 1€ LT T ' 49.1058.77 52,4 |
00| " w mn  ly2e ‘op,ul- SLP 2R o ot o8 s 46,7, 49.5 53.0 L 83.2. ;
291! /10 " " n w20 ' 0,4l B8LP 2R LI i g ' 8 ! 1 50.0 53.7 ;53‘7i !
292 ™ " " w  lyza . 0,s0: SLP 2R 12 | L s e {46.7 §8.5 ;83.2
2930 » | °® " n kz0 | 0,511 GLP 2R 12 boe,si o7 48,7 57.4 551.0'
23w g10lm v v luzo louysupor 18 e e | jvsasesiene’
295 | 9710: " © " 1820 0,1 GLP w10 v T 50.4:57,2 (8.1 :
JV! | i i i :Mean Value fa5,7 u9.7 58.2 '63.1 :
i E : ; . St Eeviat%on - s 2.1 S1.0 .3 5
i | ! ; l . i ! L i
S S R R S T T
295§ é/loz L. Dome no. 12 %29 0,41 6LP IR 15 ! PR ! ws.3 §u.9 | 0.5 f
.297§ 1o/19 " n " Lu?n .o,uo‘ 3LP IR 1 i 51% ¢ ! ‘48,6 55.3 59.2 '
258, " M w " {420 0,40 6LP 2R 12 70w 88.1 $7.1, 61.5
299 " %" " w20 6,40 6LP 2R 17 g T . 44,1 57.7  58.7
so0f ® im v % is20 0,40 SLF R 12 7 { 7 4g.§ 57.2 59.5
sorl ¢ P w w0 w20 0Ll 6LP 2R 12 3 s 56,4 $5.5 81.0
se2] v " '420  D,41: SLP 2R 12 7 G5 L u0.8 491 85,9 2.0
| i % ; _ | Moan Value 4o.h 9.8 §6.7 80 ;
| | ; ' : [ 5t. %Devia‘rion . 3.3 0.8 1.3 ;
! : ; I . | ! i : ! :
ol b S U S
303112/10) L. Dome 13314 420 | 0,%1i 6LP 2% fg ! e 8 [ 50.%:53.6  §2.4
3ou§ nogm " Euzo ; o,us% §LP 7R 10 | P 9,5 S } 47,6 Su.u 60.3
3081 " LI " ju20 i 0,41, 6LP 2R 10 % - CE 4§.7 53,2 59.2
36 "o " lu20  0,ul; SLP 2R 16 . ! 48,1 56.0 £2.%
307 13/10, 7" " luz0 0,81 SLP 2R 12 8 5 44.8 $3.0 $6.0
sl m v @ »  u20 0,s2) SLP 2R 1% s . 7 49.1 §7.8 80.5
je; v " m  'g20  0,%0. SLP 2R 19 7 3 Bk.8 55.3 36.9
atod v v " ju20 . 0,71 6LP 2R 11 8§ b 47.2 S8, 59.5
PN W iu20 0,80 6LP 2R 11 73 5.3 su.u £1.8
31z lus10- " " n lyze 0,ul SLP 2B 15 7,5 13 4l.7 30.3 Su.5
313° o omow " 'u0 0,40 6LP 2R 5 7 7 $1.9 §9.9 §4.1
s’ o mw no lagp 0,81 SLP 2R e 7 17 43,8 52.1 su.2
315 v oo n 420 0,80 6LA 2R 3,5 8,5 § 41.5 B6.7 55,0 8.7
3181 v oo noty0 0,40 BLP 2R 3 g & 48,6 57.3 53.7
; ; ; . Mean Value 4l.5 46.9° 55.3° 53.2 .
‘ ; i St ﬁeviation; - .m0 7,70 3.8
3y ! : v . i ! ; l Lol | ; i
| ! , - ; \ | ! | ' ) - ! =
o oy N R
! i i ! 1 | i : : ! : ; E
| ' ! { i ; ' ' ‘ i i i i
._.... ‘DME JUB NS onis g l 2l
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1
&3 .
WRELe, T TEET
iPa
sgPAT RFS FTELIT IR AL Fuih PLRRS P TgarERATLeE 1 T
MEwEEN rquad | ae 1t sou - ad - ' t .5 . I—u‘; '. ﬂ:ea l
E-317 (16710 R.Sup.l.l-1.8 8D 0,40 BLP? 2R 16 10 43,3 5¢.b 59.0 52.8
518 18710 Cell 21,L-+6,07 480 0,80 SLP 3 8 wi.7 87.2 53.5 §7.u
319 20/10 R.Sup. 2 L30 0,40 &LP 15 5 57.3 SE.4
420 22/10 " " 6,3 - 1 480 O,L1 BLP 17 6 51.4 54.6
321 {28/10 " " 5,1-4.3 BG40 uLP 1t 8 s6.4% 55.1
~g22 _29/10 " " 7.1 = 7.2 480 0,80 4LP 1% ] §2.4 59.5
323 30710 ° ° 3.1-3.3  4E0 0,40 WLP 12 11 48.5 53.2
}
|

324 31710 C.*Walls'L.§,15 520 0,80 6LP ¢,SR 12 11 53,1 58.7
325 . " . ' 500 0,40 6LP 0,5F 13 1 56.0 57.3
326 " " »g,2¢ 500 0,40 5LP-0,5R 18 11 §§.1 57.¢
327 " " wg,25 500 0,n0 BLP 5,57 16 11 53.0 59.2
| 3 n " ng,50 $00 0,s0 BLP 0,58 15 12 43,8 §7.9
y 329 n " " ggo 0,3 BLP O,5R YW 11 £3.3 56.7
i 339 " " ng,65 500 0,39 6LP 0,5% 13 11 55.8 57.4
231 n " _ n  -500 0,40 4§LP 9,5 lb 10° $3.0 568.7
3zz " n om0 500 0,40 BLP 0,5% 15 19 58,3 80.5
333 1/11 " ng,75 $00 0,39 §LP 0,5F 12 ‘8 59.2 62.1

334 " " ng,85 300 0,30 S5LP 0,58 14 7 58.1
338 n w  ng,9Q %30 0,39 S&LP 10 8 §7.5 58.1
336 " w . m7,25 480 0,40 6LP ) 1 19 §u.9 5%.2
337 n " n7,30 %8¢ 0,40 SLP 12 11 §5.6 57.4
338 " " ng,ua 480 0,40 SLP 10 12 §6.2 53.2
339 - " n n7,ug 480 0,%0 SLP 3 12 54.0 56.0
3ug " " ®7 .60 480 0,40 SLP 17 12 tu.0 57.8
L I " n7 7% ugg 0,40 LLP 12 11 55,7 58.7
g2 " n "7,85 ug0 0,40 HLP 13 11 §7.,4 57,8
vy " " ®7. 60 ugl 0,80 uLP T 12 ' 11 §5.8 59.%
EVTRN " n7,35 480 0,41 LLP 18 16 §1.9 S6.4
345 " v %g 00 430 0,30 uLP 13 10 §7.7 52.4
3u6 . 2/11 n mom  4gg ©0,s0 HLP 13 10 $7.0 58.7
vy . " " mg,30 4B0 0,40 U4LP 13 9 52,3 37.8
ug - " o wg,y5 480 0,40 GLP 11 3 $3.7 $5.0
agg =" " ng,50 ¥B0 0,4l 4LP 8 1 55.4 56.9
3580 " " "g,65 uac 0,1 LLP 8 8 §6.,4 58.7
s " " ng,80 480 0,4l u,SLP 10 8 55.8 56.9
352 " " we Q7 uE0 g,ud 4 ,5LP ] B 2.3 55.0
153 " " *g,06 480 0,4l &,SLP 17 a . §1.3 56.0
sy " " ng,17 480 0,40 HLP 11 7 54,3 56.8
355 " " mg 25 ugo 0,40 LLP 15 % §2.6 §5.0
3586 " " "g,35 ugd G,ud WL® 12 7 52.8 56.0
357 " n mg,u5% ugo Q,u0 LLP 1L K §,3 58.7
3s8 " " ng %0 w80 0,41 3,5LF 14 § $1.5 54.8
asg = " " "g 60 450 0,40 3,5LP ] 3 . §%,9 36.%
380 3/11 " wg,70 uas 0,32 3,5L° 10 -9 §6.3.58.7
361 " " ng, 80 480 0,40 3,5LP o | 10 §3.,9 §5.%
L2 " " T omgL95 uBG 0,0 3,5LF ] 10 53,2 56.9

oo Toen ‘i_' T* i
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CONCRETE QUALITY CONTROL: SUMMARY

Sy Au S S5 S8 M MW

TTARAEIRE SR -
-
REPaRT saic R L Fuyt A% 47 NE [P A3 TeREILT,RE 13z LEFT
Rl e AT o eee e .- . e Ii B %— B l 4 i Tes i Teg [
E-353 3/11 C. Walls L.10,10 ug0 2,40 BLP 10 15 12 89.5 $2.8 56.0
g " . 10,30 480 0,4l 3,5LP. 12 15 13 45,3 52.5 54,2
g5 " " 10,35 48a 0,s1 32,5LP 12 15 13 t§.6 $5.8 57.u
5 " " 10,48 480 0,41 3,5LP 10 13- 13 49.1 $5.8 5§.2
387 " " 10,55 480 0,41 3,5LP 10 15 13 §0.0 56.0 $9.2
~368° " n 10,66 80 0,81 2,SLP 1% 13 §7.2 35.3 53.7
3gs v " 10,75 ugo 0,1 3,5LP 17 12 4g.1 $7.5 59.8
370, " " 10,75 s86 a,ul  3,5LP 11 12 48,1 58.9 59.6
371, * “ 11,05 %80 0,31 3;SLP 11 17l 4.9 43,5 §21.2
372 " " 11,20 480 0,41 3,SLP 15 1311 4.8 52.3 §55.8
373 " " 11,25 480 3,42 3,5LP 11 17 e 03,9 $1.4 55.5
37y " " 11,30 480 0,41 %,5LP 13 17 -8 55.3 52,3 56.%
375, ™ " 11,35 480 0,41 u,SLP 12 7 7 86,3 53.5 55.4
176 4/11 n 11,40 486 0,41 uLP 12 177 46.7 55.3 53.5
377 " " 11,50 480 0,41 uL® 17 16 8 47,6 52.5 55.0
27¢ 0 ® " 11,60 480 0,4l ULP 13 17 8 49,1 §5.2 SZ.¢
37g ¢ " 11,75 480 0,41 uLP 10 177 48.6 56.5 £0.S
380 " " 12,0 430 0,40 G4LP 10 8- 58.6 $6.0 52.5
8L ™ n 12,22 %30 0,41 uLP 13 1% 12 57.6 $6.0 55.9
82 @ . © wgg g)&0 oLe 11 1t 1z o7 36,0 57.8
383 " " 12,13 %80 0,40 GLB 12 15 12 46.3 55.3 51.0
ge " " 12,13 480 0,40 HLP 18 17 12 ug.5 55.2 80.1
385 " " " ug0 0,30 GLP 10 17 13 49.5 §7.8 59.8
386 " " " 480 0,40 WLP 11 - 16 13 88.5 €5.7 53.6
381 " " 12,38 480 0,41 HLP 10 17 13 ng.6 $6.0 61.0
3gg’ " " 12,70 480 0,41 GLP 10 17 10 49,1 §5.8 59.8
gy " " 12,55 480 0,40 GLP 18 12 $0.4 55.5 60.5
90 ¢ n " u80 0,4l ULP 11 17 12 47.5 56.7 58.7 -
gl " " 12,70 80 0,4l 4LP 11 16 12 49,1 55.3 56.:
392 : " " A 480 0,41 LLP 1 “16 12 57.6 $6.5 5$8.7
193 . " n 12,75 480 (0,41 4LP 11 15 11 4.5 §7.6 6§1.0
gy " 12,80 480 0,41 uLP 12 17 11 46.7 53.3 SE.4
395 " " 12,90 480 0.s1 SLP 13 171 49.1 6.0 §7.8
396 ¢ " " 12,35 480 0,8l uLP 18 16 11 43,1 56.7 60,1
397 . " 13,05 480 0,41 GLP 1 17 11 49.1 §7.5 51.%
338 5711 n 13,15 480 0,41 OLP 10 17 1 $G.9 57.% 62.4
e - " " 13,25 480 0,41 W4L? 10 16 10 ng,1 55.6 5.7
L0 " " 13,25 480 0,"L 4L? 12 16 10 85,7 53.9 60.1
1 " " 13,40 480 8,41 WLP 12 17 8 ¥5.1 53.5 58.3
Wy " " 13,40 480 0,41 ULP 13 15 8 47.5 53.2 59.2
43 " " 13,50 &80 0,4l LLP 13 17 8 48.1 5§.4 §3.6
sou " " 13,65 430 0,40 ULP 13 - 17 8 87.6 53.5 58.7
ugs w " " LEO 0,40 4LP 12 18 3 W5,8 S4.4 57.9
405 " " 13,65 480 0,40 uLP 15 17 8 67.5 $5.1 52.2
kgy " " 13,94 480 0,41 SLP 14 17 0.4 $6.0 59.5
408 " " ® 43¢ 0,ul uL?P 13 17 8 47,5 55.1 §9.2
vog " " 14,05 480 0,40 3,5 LP 12 15 2 49,5 56.7 ,60.5
419 ¢ " 14,15 80 0,40 3,5 LP g | 1% 10 '$9,9 53.5 62.4
b1y - " " L ugo 0,40 3,5 LP ¢ 17 10 49.5 553.0 §0.1
s [FOEES =
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| N
RE
JOMPRESSHYE STRENGT=
“iFa
REPQRT JATE STHUSTUR AL (410 CH AQMITTHRES ShoaMP AR EN-P*EMT';G_S Vhom TL3E%
mEmAER . wyral el 1¢ #ea vl am A aINEAR T AR } T, i— Z- T:g Tgs Tqg ?
: - : : : | ' : i . E
£.412 1 $/i1.C.Halls L.1:,30 480 . 0,40 3,5LP & P18 10 | (49,30 $7,1160.1 . ;
13y " 430 1,5 LP 9 IR B 58,5 §5.4 61.0 |
aib i v | " 480 . 3,5 LP 10 Sl e u3.6 58.90 60.5 :
sis | o " 14,45 480 - 0,81 3,5 LP g i 1€ 8 5 89,5 . 59.3 61.3°
big | " " 14,55 480 0,81 3,5 L? © 13 1 17 E 146,7 55.9:59.aj 1
—Tu17l o w " 14,5580 0,81 3,5 LP . 13 fye 1 136,71 55,8759.5
w1 " " 16,65,580 0,41 3,5 LP 12 t1s 07 (467 53.1.33.5 :
wla| " | . 1e,78'ua0 0,81 3,5 LP 12 : % Wi 146.7 §3.5.59.2
420 " 'I " " LLBO 0,41 3,5 LP 11 18 7 ;87,6 $3.5'58.0
w21 6/11 ) " 14,90 4g0  0,%1 3,5 LP 11 16 17 87.2 . 55.7:59.2
szl o m 15,00 480 03,41 3,5 LP 11 L1647 f4h.8 . $3,5.56.9 - ;
w23l v " 15,05 483 0,1) 3,5 LP 10 o1 1! ‘4g.1 . 3%.2.60.5 :
wge ;" " 15,15 w80 0,%t 3,5 LP 12 6 1. ‘47.6 55,3 58.3 1
yas i v " 11,25 480  U,41 3,5 L® 1 w7 ¥§,7 . §4.4.§9.2
k2. v 1w 15,40 48 0,81 3,5 LP 11 s 7 48.6 57.2.58,3
w27 . " " 15,47 LBD 3,41 3,5 LP 11 16 7 45,3 $3.5 53.3°
423 . R 15,60 480 J,52 3,5 LP 15 T 8 85,3 SL.% S7.8 :
w2g i " " 15,68.480 0,4l 3,5 LP 12 T 18 .3 463 53.7 38.7 - ’
430: " 7 " .480 0,u. 3,5 LP 12 15 ‘3 ‘45.8 5%.0 59.2
w33 " v 15,75 480 0,31 3,8 LB 1. Y- ‘8s.3  53.0°37.3
Suzzlom * 15,90 480 0,1 2,5 LP 9 S35 e 48,1 $54.2.59.5
433 0 o " 16,05 486  Q,40 4,5 LP 10 15 ‘2 Bg.1 54.2 B1.0
XL " 16,12 LBO 0,40 4,5 LP 11 15 8 $7.2 . 51,8 58,1
83§ " 7. "16,26.480 0,40 4,5 LP 12 115 g 46,2 52.8-35.9
4360 0 w7 480 Cu,ELp 13 16 13 ‘47,2 54,7 80.5
173, : S i ! Mean! Value 5 W7,7 55,0 - 58,5
e | i i t : : : TR ' !
.t : : ! $t, Deviation S1,7 2,0, 1,3
P s S T S S
E-437 | 17/11 Moorinps 420 0,42 6LP + 2 R .15 | 12 13 E33'2§ 4g.3 473 t |
438 | 20/11! Ring beam c. 3 420 0,40 SLP + 2 R’ 5 13 11 D 45,7 54.2°89.6 5
439 ! 5/12, St.Cell 5 420 : SLP + 2 R i | i | - 1$8.3 | E
440 {18/12 " " Dacks 80 0,43 . 5LP 20 - LT s T 38.5i49.3.52.3 j
b4l 0 18/1 0" " g+l u20 0,40 S8LP + Z R 1% -13 =4 4B, 63.5 55.4 ,BE.T
442 %15/1 }" n " 420 0,40 KLP + 2 R 15 13 g-z . 49,8 59,6 81.9 554
AL T A T & 420 0,40 BLP + 2 R 12 $ 13 -8 ' %2.§, 5.4 58,7 -61.0-
sew ©molmoomo 74 2u 420 0,40 BLP ¢ 2 R 1 12 -2 83.5 54.9 69.1 6.1
BuS 1671 i St.C 32415+LD1342C 0,41 BLP + 2 R 16 7 i 38.5-49.1 53,2 56.0
Bag ! " St,C 2u+LD 11 “20 0,40 6LP +# 2R 10 10 2 “4 .6 53.9 S1.§5 63.7
Uy 7 o o213 " 424 ¢,40 BLF +# 2 R 15 9 1 42.6- 55.6 38.7 E€I.°®
W48 17/1 - St.C 17421 480 0,40 SLP 11 w0 2 49,3 59.9 81.9 Eu.3
s8¢ T18/1 0 " 3411 420 0,40 BLP + 2 1w I A D 47.552.3 61,9 55.4
$50 [ 19/1 L.Dome 19 420 0,40 GLP + 2 R 1u 3 v1 . 42.5,58.9 51.0 £2.%
451 20/1 LD 10+3t,C17€I3420 0,40 6LP + 2 F 12 5 13 " ug.0i56.6 58.3 50.1;
: . ‘ ’ - : 1 i : ; ! .
| o b e
1 . : ! |l ’ | ! i | ; 1
; : ; 5 ‘ | ! ; ! ! : ! L
o ; A T
b ! e
! | : ! ! . ' | ! . mmaeen
DAlE LTE G lsh'-:; na ‘ "3
13468 1 ., {
!
i

15/1 1378




0

. ‘ . : : : ' ' ’ ) ' ! - - - - - ’

|
GmeyRiEs | CONDEEP
NOTESDY ) ELF -~ Q £ AS —;—.Ra:-.rf:::i;‘ e 2
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s
eRItgiiE 3T “n
B ]
BAGAT 1w .;-_‘..::,l._-., L:v.-." .wat WES Leioe | uo [EDTCLTO Viom - A%
weh aze ' T
‘ 3 o ot | s |- . | == : i i R 1 e |
1975 (e1l walls .
E-k52 23/1 PUL,16321-%0 son  g,u0 GLP 13 21 % 5.9 3.2 59.% 50.5
553 2371 " 15,5C-80 _ugp 0,30 ulP 10 20 -2 51,5 $6,5 61.C £1.5
w5y 2w/l " 18,70 ugp 0,51 .%L° 1 12 =2 §1.2 85,8 §3.3 58.7
¢ . T " 17,08 4G 0,40 4LP 10 19 © -2 47,8 55.1 60.5 63.2
458 Lom % 17,39 480 G,L0 WLP 3 21 2 4g.1 &9.5 53.3 §1.9
457 " 17,02 480 4LP %7.31 §6.5 50.5 81.0
458 2571 ¢F 17,39 yeQ J,4+1  uLP 7 18 z ba,b BB.5 S7.% 52.6
459 T 17,50 480 0,41 HLP 12 16 2 41.7 49.1 52.3 §5.5
460 " ® 17,80 w80 0,%l 4LP 9 25 2 . 43.0 BB.E 5B6.3 52.%
%81 " " 18,20 %83 0,40 4LP 7 12 -2 ng.u  53.7 §7.8 2.7
452 n " 18,25 %9 0,40 5LP +#1°R 10 131 4,6 47.2 55.6 81,0
462 2671 " 18,50 ugq 0,:0 SLP + 2R 8 22 3 $5.0 £2.8 0.1 74,0
464 n v 18,70 yeg 0,s0 &LP # 2F 11 23. -l 37.5 48.6 5.4 §57.3
465 " v 13,84 330 ELP-+ 1 10 1 -2 sG.¢ S55.3 37.8 63.2
4&6 " " 13,30 4g0 0,30 SLP + 1F 9 18 -2 %1.7 87.2 58.0 £3.7
g7 27/1 % 13,38 ugG 0,40 SBLP 9 15 - s1.4 G5&.1L 58.7. 83.u
168 n " 1,42 Lg0 0,43 &LP g 17 -1 42.6 48,1 54,3 64,3
u59 " "39,46 wag 0,4} 5,5 LP ] 3 =2 y7.7 6.7 86.2 B1.€
s7g - " " 19,50 vgo 0,%1 5,5 LP g 7 -2 %7.2 51.4 33.5 51.5 §%.8
471 -20/T " 1§,79 w80 0,41 SLP ] L $0.5 56.7 69.5 35.7
%72 " " 20,10 460 0,40 WLP 10 18 1 85.3 1.9 $5.8 S9.6
473 " " 20,25 wge 0,40 &oLP 11 22 1 Be,1 55.3 5%.6 59.F
BTy noow 20,40 B 0,4 ULP 9 16 -1 §8.3 51.7 &x.1 70.5
475 " " 20,58 4g0 0,41 uLP 12 2 1 43.0 S51.u 55.3 S3.7
476 29/1 " 20,35 4§80 0,80 SLP 10 28 1 $6.5 52.4 56.3 52.8
577 " " 20,98 480 0,80 uLP 11 17 0 u7.2. 54,7 §2.3 52.7
478 " " 21,13 ®gg 0,40 WLP 11 13 .0 52,8 57.8 51.5 64,1
319 " " 21,30 480 0,40 4LP 3 18 =2 42.1 6.7 5§3.7 32.2
veo " " 21,80 480 0,40 4LP 8 s -1 53.2 60.3 62.§ 84.3
sa1 = " "o21,70 ugQ 0,40 uLP 8 16 -2 u0.3 43.1 54.9 57.8
432 n 21,74 tg0 0,41 GLP 10 17 -4 £2.3 B0.5 B%.5 5u.9
yg3 - " w 22,0 480 Q0,82 uLP 10 22 -4 §1.0 60,3 52.8 63.%
434 n " 22,00 483 0,40 ULP ] -~ 1 -t §2.3 68.7 §2.3 §5.9
ugs 3071 " 22,20 430 0,80 GLP i 15 w4 7.6 53.3 58.2 $9.5
4gs " "22,36 5@ 0,ud 4LP 10 17 b 53,7 59.5 52.8 8.2
487 " T 22,65 ueQ 0,80 ULP 10 17 -5 sy .8 49.1 86,7 §7.8
589 30/1 " 22,85 580 0,40 ULP 10 M -5 ~  5%.2 60,1 60.§5 57.5
L83 " no22,97 ugg 0,40 uLP 9 18 -6 43.5 49,5 S57.4 60.5
430 " " 73,18 580 0,4d uLP 13 23 -6 52.3 60.3 61,3 8L.5
491 " 23,22 480 0,40 GLP -5 45.3 50.% §7.2 BL.S
%32 31/1 ¢ 13,38 480 0,40 G4LP 8 20 -2 §3.7 §9.6 62.8 6BL.1
493 " " 23,59 ygp 0,43 LLP 12 1 -2 59.0 s5".u 61,5 B81.°2
494 " 21,89 580 0,40 uLi? 7 23 0 g.1 53.% 6&0.1 B3.h
495 " "o24,03 4gn &,k0 WLP 10 23 1 §1.9 57.% 58.7 59.2
TET I "ou,29 430 0,4n LLP 3 20 2 57,1 9.5 53.3 58.7
¥37 " 74,130 ugg @,u.0 HLP 12 26 ¢ sg.0 su.2 57.% 33.2
438 n W 2y,590 nao 4LP 12 23 1 © 41,2 u8.1 §5.% 58.7
499 " oy ,82 480 0,40 uLP 10 29 ] §3.2 §56.2 5¢.5 §1.7
500 1/%2 " 25,08 480 0,40 3ILP 3 23 1 $1.0° §7.8 §3.0 85.2
: — AT P
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[Shed
l il EEETTI,E TCADN -
1 #Pa
= 3 - e Y -
agpat ae ! _u ' L6l ; cagn Il | B ., lq_ - i i (e Gum 8T
| gm0 BRI TR
E-501 - 1/2  P.L. 25,10 y80- C¢,s0 3 LP 10 a3 1 $7.8 60,3 £2.% 34.§
502 " m 2g,uY ugp 0,40 3LP 5 28 2 50.% 56.9 60.8 S52.4
503 " " 25,63 wag 0,0 -3 LP 9 70 2 $3.1 57.6 58.7 &2.4
Tsoy " " 25,82 ugg 0,40 3 LP 11 7" 2 wG,8 50.2 $u.6 5E.7
5§05 " " 26,02 4gs 0,40 3 LP 9 12 3 $0.u §5.6 55.0 62.8
506 - " v 2§,09 y8g 0,50 3 LP 12 22 a 42,1 50.1 S4.5 52,2
507 " " 26,33 w80 0,40 3 LP 10 73 3 50.5 59.0 E2.85 65,3
so8 . 272 " 26,80 w20 -0,40 3 LP 14 21 2 43.0 4§.7 32.7 58.2
509 n " 26,75 ygg 0,50 3 LP 10 21 2 49,5 36.3 $3.2 &2
510 n " 25,89 wgg 0,30 3 LP 10 20 2 53,7 59.6 51.% 63.7
511 " " 27,10 130 0,41 3 LP 10 21 n 49.5 51.9 58.7 §C.1
5172 " n 27,38 ‘ugl 0,41 3 LP 11 18 u 46,7 52.5 ST.4  53.7
513 * " 27,43 480 0,8t 3 LP 11 18 4 yu.e 7.6 5%.9 57.8
314 " " 27,87 ygo 9,80 I LP 12 71 3 8.5 56.9 57.8 6l.3
515 " * 27,84 48C u,41 3 LP 14 18 3 ¥3.9 43,56 57.5 87.3
516G " “ 27,38 58y u,s0 3 LP 12 22 3 b§.6 56.2 S5.4 §52.4
s17 372 T 29,25 ugg 0,40 3 LP 10 21 2 49,5 Su.2 30.6 £1.0 B5.u
.518 " " 28,4 ngy  0,un 3 LP g 17 L1 %3.5 §6.5 53.% 6.1
513 n " 28,55 580 0,41 3 LP 11 29 1 $1.% 55.6 3.1 63,7 87.5
520 n n 28,85 480 0,41 3 LP 13 21 1 45,8 48.8 6.2 41.3
521 u " 29,08 sgo 0,80 3 LP 10 23 1 52.8 57.% 1.0 §3.2
522 " " 29,22 g 0,40 3 LP 11 20 1 43,0 48,6 55.3 52.1
523 " " 29,42 wgy 0,0 3 LP 12 71 1 uo.g 7.0 s8.5 0.0
s2¢ " . 29,8% %80 0,40 3 LP 11 22 1 3.7 45.9 §5.9 §7.8
§25  u/2 mo79,72 wg0 0,40 3 LP g 29 0 50.¢ $4.7. 57.8 AL.S
526 " "~ 79,90 580 0,80 3 LP 8 T2 -1 %5.3 §0.9 56.9 §7.u
527 " 30,30 ygg 0,40 3 LP 10 712 =2 £9.% SE.7 59,2 B8l.4
528 " " .30.ul ygg 0,0 3 LP 12 18 =2 6.3 53.2 3%3.0 §7.%
529 " no 30,48 4E0  0,%1 3 LP 12 21 -2 §1.% $7.1 G57.8 58.6
530 " " 30,64 80 0,40 3 LP 10 - 23 0 42.6 86.7 4%.5 55.1
531 " " 30,93 %80 0,%1 3 LP 13 239 9 %4 .4 51,7 53.2 G§8.0
532 " " 31,00 480 ° 0,40 3 LP g 23 -1 43.0 49.1 S56.3 55.9
533 5/2 " 31.15 wag 0,40 3 LP 13 28 =1 %9.5 55.8 §7.% 59.3
53y " " 31,u0 ugo O,40 3 LP 12 22 0 48.1 56.3 5%¢.2 59.2
538 " R 31,58 g 0,s0 3 LP 10 29 0 51.4 50,3 61.0 FE1.2
538 " " 32.00 480 0,40 3 L7 11 18 -1 50.% §3.2 53.0 83.7
537 " " 32,20 4g0 O, 3 LP 10 25 2 0.4 §9.2 BL.0 63.2
538 " " 32,43 uag 0,80 3 LP 1o 25 3 45,2 53.2 5%.9 8G.5
539 " " 32,66 (%:1i] g,u0 3 LP 1) 23 1 ug.7 §7. 61.0 EL.S
540 " " 37,70 we0 0,33 3 LP 2 24 1 8.5 51.2 6L.7 ©85.%
41 6/2 » 32,87 w3y 0,80 3 LP 12 21 1 51.s 58.5 B1.5 83.2
542 " " 33,00 wag 0,40 3 LP 7 .26 1 4g.1 56.% 60.% 61.5
543 " " 33,25 yge 0,80 3 LP g 19 1 1.4 58,7 60.5 G&EZ.%
CLT " n 33,5% wgy 0,u6 3 LP 12 24 0 45.8 §0.0 §6.7 BD.9
suS " " 313,70 uga 0,80 3 LP 11 2h a gg.n 55,1 58.7 &L.2
.::: : : 23:22 :Zg 2,80 3 LP }L 23 0 54,8 $0.9 §7.6 2.5 I
sus Y . 3u=28 oon g-“ﬁ 3 59 Lo ] 1 46,7 52.4 ' Sk.5 57.2
544 P " 3ﬁ'35 V30 G’:i 3 Ui 13 25 i k3.1 s,k 7.8 51.C
550 7/2 " su:.rec 4eo n:ub ; E? 112 ::"E § LG . § ‘:.313 221 2.8 5.8
o s e !
| 13/ 1 13468 o i
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Bhd 8 imie = CONCRETE GUALITY CONTROL. SUMMARY
ne
CCMPRESSINVE STREMC™H
“1Pa
REPQAT JATE STJI'JC1UﬂlL M-t L) i anMiaTUAES SLuMA AR TEMPEIATURE - .l_l-’.‘” TunEs
Heneen aqimd | wes i aza 'm? im IR S L ]l ad 74 ! Ia bt I Feg Ty |
\ . | % .

E-551 ;7i2 P PLL, 34,75 496 0,0 3 LP 10 2,2 20 3 i fre.s"sa.v‘ 39.5 63.2
ss2) " " 34,90 ug0 0,81 3 LP 1 ‘26 .3 juS.5ing.E Sb.77 510
§53: " " 35,20 sas  0,s0 3 LP 1 20 'z u5.3 51 585 60.1
ssu i " ¢ " 35,35 480 0,50 3 LP Tl D22 : '50.4 1 §5.3° 53,1 8u.1
555 i mooLom 35,48 ugos 0,40, 3 LP " 10 Lo 2| Yo.g w8l $5.5 6u.

Tess Mo " 35,88 480 0,u0i 3 LP |12 E 62 ) 142,61 56.0, 81.5 £1.3
57 ° 1 " 35,30 48g 0,32 3 LP Ca b2z i1 [ u6.7i48.6 . 8.7 6L.9 7
ssal " " 36,02 iy 0,39 3 LP 9 HEE IS S ‘ug.6 , 53.2, £8.7 61.5:
ssa: " . " 38,30 wgn 0,80 3 L 11 l2s 11 i 45.8150.00 57.2 §0.1 L
s60 | 8/2 1 " 35,45 480  Q,40 3 LP 9 B TR ‘61.8 6.7% §2.%7 58.2
s} v n 36,70 g0 0,407 3 LP 3 12 R 47,2051 5.5 6.0
s6z| " . " 38,86 ‘4s¢ 0,0 3 LP 11 b2 A (50,4 57,80 61.0 82,
g3l = " 37,08 ‘ug0 0,39 3 LP $ tgu p1 ;82.6°43.1 56.30 50.5 '
sgu ! o7 " 37,22 ‘w8 0,39 3 LP "8 23 ‘0 | '$1.4 ¢ 56.9 §1.5 62.2:

| ses v W 37,40 usd 0,40 3 LP N 1 4 | wg,3 51,4 §9.5, 3.7
568 . " " 37,78 880 0,81 3P 13 fes w2 44,5, 58.7 $5.3 60.1
booseT " " 37,35 439 0,40 3 LP 12 47 .2 43,9 #8.5 55.6 SL.0
566 972 . " 33,10 %80 0,40 3 LP 12 TR 50,0 $6.3 60,1 1.3
see .t i om 38,30 436 0,50 3 LP 10 B }2 483 £0.9 53.10 52.0
s70; ™ 1™ 38,46 ugg 0,40 3 L?P 13 21 -2 S 1 §5.5 58.8& 53.5

g1 0 M L o 38,55 480 3,40 3 LP 10 - 26 L '$0.7 §5.3: 59.3 61,
72| " o T 38,70 w0 0,39 3 LP % © 23 51 | wu.8 509 $7.4 Bl.1
§73 . % | " 39,00 ngg 0,40 3 LP 11 tea {7 ‘4g,1  54.% 36.5 1.4
s, " i " 39,20 486 0,41 3 LP 13 g 1o 82.5 50.%° 85,1 €0
5752 " 1 » 29,40 430 0,40 3 LP 13 é D29 19 ? 9.1 3590 835 82.€
§76 | 10721 " 39,50 480 0,40 3 LP o | 26 g | ue.8,u3.5 0 572 58.% 1
5774 " 0% 39,78 ‘480 0,40 3 LP 0 Vg i7 gus.sf $5.3. 61.0 AL.%
s7gl 1 on o w83l uB0 0,u0; 3 LP 11 ! 25 !s | ug,1152,3° 59.4 1.0 7
579 " " w0,u2 'ygg 10,33 3 LP g 22 45 0 lwe.l 58.00 52.0 82.%
se0 | " | v ug,e0 (80 ‘q,u0; 3 LP 10 gg ig !45.3:48.8)88.1 82.5
581; mo | om uo,8s lige 0,00 3P 9 % 23 Es | !5, 58,17 §2.5 632
T 0,61 3 LP t13 | oz lu leiarieess, §7.41 80.L '
583 ™ " 41,28 480 0,40 2 LP 12 s .2 '50.0 56.% 58.3 2.0
sgs | 11/2 " __41.80 ‘480 0,80, % LP 1 f20 :1 ; 45.8 u2.5] 56.7. 59.%
sgs} " | " sl.u 480 0,30 & LP w0 ‘19 1 ‘us.5 ) su.8 §1.1 62.%
sg5| " | " ul.s5 480 0,0 & LP " 13 bao i1 's0.3- sE.u. 8C.1 84.1
sg7; " - " 41.25 ‘4gg 0,38 § LP 2R 13 C210 ‘s s2.soue.E S8R §3.8
segl | " 42,08 uge 0,42 6 LP 2R 20 22 5 50.% - 9.6 65.5 67.5
s39 | 12/2° " 42,20 680 0,40 & LP 1 95 .3 ‘w30 63,1 §6.7 6L.1
590 " . " 42,48 4806 0,80 3 LP 13 23 3 4u,§ 55.8 58.% §2.2
Y : i ? ' ! : .

| : f Mean Value uure 0.1 7.0 §0.1 82.3

| g | st. Deviation 2.7 2,9 .5 2.8 3.8
| a S | SR %
? | T R R boob
. S
. : : , : 5 { } { . ‘ 1 : j f
‘ ? ' ‘_ : ! ! : \ | ; | ! 1
. Ly T e R
N v T R T I

1 . . ' 4 I

';,,;r._“-_ 108 MO I.:‘.’:!_‘. [N i =
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NOTESY CONCRETE QUALITY CONTROL. SUMMARY
RE
SCMPRESSIVE 3TRENGTH
“Pg
REPGART | DATE sTRUCTUBaL cEmMENT M ILRES | SLume | AR TEMSEATURE L Pirm CLBES
uEmSER wgrmd | ket #sm tmd e e fzEMER xR T 3. I i i Teg Taa i
] . i 1 ] i
S R T P I N A
£-591 30/ .3hell U. Domes 500 - 0,40 6 LP 2 R _ -5 lus.3753.8 55,7 51,5 |,
§92 119/2 Element 43,75 500 5P 2R 6 22 =2 | 53,2 88,4 67,1
§93 25,2 ¢ % 500 sl 2R & 27 18 | §6.0.83.2 685 72.4 -
58y {2872 ‘crane ste. 19 420 (s LPZR 13 - lé u j42.6:56.9 "60.5 83.2
595 :3/3 ‘Element 43,75 500 - 8L 2R B S0 e | isa.v;sv.l ;70,9 78.0
596 (&/3 . " n !soo 0,468 LP 2R '@ "28 iu 5 isa.?.se.s 15927740
597 15/3 Elements U.D. 300 0,406 LP 2R 7 e 0 $6.0°60.6 ' 63.7,70.% ;
o i : ' : o 0 ! ! i ¢ ; ;
S ‘ SRR B B L
; MORTAR, CRACKS PL.42,70 . : : i 3 !

E-611 Esxu Ernside ~¢. 18 E¥M : 18 % | tus.9-su.0 és7.s. ;
§12 !§/% | " ® v 500 0,42 6LP2FR 18 I T {37.6149.1 . 52,3 |
628 27/ ® " 8 500 6 LP.2"R 18 : ; ] 41,2481 51,5
§21 [2%/% & $r. C. T 12 500 B LP 2R f ! P38.1 s50.8 ' su.0
639 575 o 1 500 0,406 LP 2R 16 13 1, (3e.1 6.1 Si.u
40 7/5 . C.11 1810 0,40 6 LP 2R 15 15 15 '35.3°46.2  50.u .
41 [8/5 . St. C. 2 and 6 §00 0,38 5 LP 2R 13 15 a5 P37.2°8S5.1 §0.0 :
643 '11/5 | ¢, 7 EXM : { | 41,0 50.7 5.3 :
gug | m c. 7 1500 SLP2F 18 : | E ‘40,8 7.2 8.2 :
§51 12/5 | W C. 8+ 6 500 5LP 2R @ | ; 45.3°56.8 59.7 ;
§56 [13/5 | c. 1 1500 ‘6 LP 2R 13 ‘ ! 3.0 51,2 [5L.2-

§61 18/5 0 * ¢..3 + 3 500 ‘S 2R 18 . i i 135,04 48.% 49T :
§65 121/5 | & " C. 4 + 18 500 §LP 2R 10 SUNEEE T I '43.0 50.9 32.3
867 125/5 ; St. C. 19 + 20 500 §LP 2P 16 P i 137.5.,57,0 0S1.4% :
668 [31/5 | c. 18 *+ 13500 8 LP 2R ; : g 137.6 33,7 50.7 é
683 '1/B St. €. 13 + 22 500 ‘6 LP 2 R 1§ i i f3g.1june.7 u9.0 :
870 l3/6 C. 17 + 16:500 sLe2r 15 17 13 | {43.9:53.5 356.% 2.4
580 10/6 | . 3+ 17 is00 | ‘s LP 2R .23 17 22 P39.n 83,1 §2.2 52,2
585 hiss i c. 18 isa0 | sLP2R 8 i 120 {19 E 143,9.50.9 3.2 5.2
H : : . { 1 ;

’ : ! __E . :Hean value i E :uo.g Eue.s f53.k

| j ! § ! L ft. beviacion (3330210 3.0 ;

i WPPER DOMES : _ t ; : ; ; ; } ! i

E-598 2473 | No. 18 ¢+ 13 480 0,326 LP 2 R 10 15 {5 47,2 54.0 59.2 60.5
99 25/3 | " 18 + 19 460 . 0,40 6 LP 2 R 10 STRRE T 4g8.153.1 57.8 33.2
860 i ™ . % 18 + 19 .460 0,398 LP2 R T . SURNNE B '$1.4 S9.6 §7.1 SE,u
01 | i " 18 +19 480 0,.i.6 1P 2R 13 s 13 47,2 55.4 59.2 82.%
602 L/% . " 7 + 8 ‘480 0,40 6 LP 2 R 13 U "45.7 §6.7 57.§ 60,1
§03 . "  ‘Shaft £, C. 3 860 0,406 LP 2R 1l 11w 45.3 .59.2 81.§

(806 "  No,7+4 460 Q,426LP2R 15 . 18 2 40,8 48.6 57.9 §3.5 61.5
805 2/3 " 7T +8  ugd §LP 2R 11 ° ! 1 ‘48,6 57.6 §3.2
806 2/8 " T 4§ 460 0,40 5 LP 2 P 10 13 2 S1.v §9.5 §4.5 69..
807 1" - % 748  uge 0,41 6 LP Z PR .1u 1 05 46,1 §5.1 5.0
gog . " - - T g+ 7  Cug0 0,40 B LP 2P € 3 '3 41,2 88,1 59,0 4.5 65.4
508 % . Y §+7 460 0,60 5 LP 2P 7 8 12 " §0.8 62.8 167.5
810 3/% " 7+ 8 g0 52 R 8 20 |2 | | su.s cse.3 81.0
813 2/% 4640 617 2R B s s | 1. 39,7 163.8 70.1
14 8/4 " § 4G ka0 0,406 LP 2 R L4 ! (R L8B.7S7.8 £1.3 -
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NOTEBY | CONCRETE QUALITY CONTROL. SUMMARY
RE
TOMPRESIIVE SIRENGTA
“Pa
RZPORT SATE . STRUGTUAAL TEMENT TALMILT JRES SLLMP | AR i‘z“".&"““'"g ' © tiem S.BES
M BES vormd | s sen +ml l' - e fozmes E s I, [ Ia | T l Tas l = T
- A L
A - C i : ! ‘ : i i
E-615 !8/8 ° No. § + & 58D ELP2R 8 e ! 156.9 ' 64.5°€5.2
516 | " - .7 12 sud  G,39 6 LP 2 19 ‘10 | i P 50.4 §3.2 51,8 ;
817 [ " . " 12 44 ¢+ 6 480 S . s l2s -ie '50.9°36.0 60.5 £3.7
616 | " iShaft £.C.°3  uAG 5 LP 3. ‘20 6 | 1B6,7,57.6 54,5
619 | | wo.ssu  jueo (0% rpaw . j §8.5 1 62.3 65.4 |
s20 | " § 72 iyug  C,k0'ELP 2R 6 PO E I  48.1:57.2" 81,3 ;
sar /e "8 jusso §LP 2R 9 L A ; 9845 82,8 83.2
Cepz | " o | uuo g LPZR T .6 A ; '$7.9 1 56.1 67.5
623 1074 . " 21 (kb0 0,40 6 LP 2 R 9 12 bv ; 49.3 | Sv.8
€28 2374 E n o2 420 0,41 6 LP 2R 17 9 i? i {43.0 1.2 i58.3 59,2
625 | " 1 "2 {520 B LP2R 13 I i j43.3 53.6 §88.3
826 2u/b i M 2 ‘420 - 0,40 6 LF 2 R 9 i | 5.7 §4.5 139.2 62.4
827 26/% . "1 . . 440 0,40 5 LP 2 R 14 g : ! :33' 6.0 50.0
529 27/% . "1+ 2 ‘440 6,40 B LP 2 ®  1u 3 %1.2 53.7 '58.7 €2.%
sio 2874 "1 wso § LP 2 R 22 3 7 45.8 §7.u  53.8 ‘
537 2%/ Pom0 e 1 G0 0,41 6 LP 2 ® 18 5 ; . 43.0 53.0 5.0 59.5
533 30/& . " 10 + 11 400 G,s1 6 LP 2 R 13 0 .2 ‘46,7 57.2 57.3 ‘
83 L 1 w10 411 w00 08182z R 12 10 T 44,4 $6,9 61,5 ‘
635 4" 1 "0 +11s  weg s1P 22 10 % 45,3 §3.5 1835
36 30/ ;" 10 + 11 400 §LP 2R I8 g X 2.1 83.3 (55.1 58.7
537 | poT I+ 11 w00 6 LP 2R S i 111 s 47.6 59.0 1.5
638 /5 | " 5 L840 0,81 § LP2R 17 EURRRSUIN 40.2 49.5 51,7
652 11/5 . " 1% # 15 400  0,41:6 LP 2 R 17 16 i1 LS8 §5.3 57.3 58.3
By E" { " 1s +16 00 0,40 6 LP 2R 12 16 ST 49,5 36,9 53.7
64 1", " ls 416 800 0,406 LP 2R 12 Q8 47,5 7.3 39,5 $2.3
Bu7  11/S | " 1 + 16 ise0 sLP2R 3 1 12 .§0.0 $6.0 180.1 5
48 1" LT " U+ 15416 %u0 B LP 2R 18 U T ‘43,5 56,0 '55.2 52.9
B9 |" 1 " 14 4 15416 500 - §LP 2R 12 13 10 '50.0 1.0 :52.8
650 2/% " 14 + 15+18'40C 0,40 6 LP 2 R 10 e 12 | ‘ue,1 $5.7 B1l.0 8I.%
52 | " ! " 14 + 15+426 406 0,40 5 LP 2 R 10— 1617 '50.3 33,8 .60.5
853 | ©® Q4 4 15416 400 §LP 2R 6 ; 12 5.8 52.1 '59.2 55.5
gss 1275 1 7 1u o+ 15418 400 SLP2R 7 13 10 43,5 5.3 60,1 *T.7
655 (" 1 " 1u + 15416 40O sLP2R 7 ; 13 3 7.2 59.0 .60.5 §4.9
657 1375 " 13 T sr2r 17 1 g '52.3 86.1 6.1
858 in " 13 400 §LP 2R 6 12 s 8.1 $9.6 60.5 §2.8
659 1a/s ' g 440 § LP 2R 20 18 23 W46 49.5 55.5
Boo I "9 w40 6L 2F 18 17 22 2.1 §2.3 54.6
862 2075 "7 400 6§ LP 2R 10 15 20 o 49.5 53.3 6L.9
563 " "o17 500 § LP2R 9§ ' 15 ' 44.8 52.9 .55.0
64 21/5 "7 ¥00 §LP2IR 8 ' 12 17 45.3 54.7 '§5.1 5%.8
566 " 0 v 400 sw2r 9 15 16 | 49.1 $6.4 5.7
Loy | ' ] ‘- L E . : "~
! ’ o ;Hean Yalue ‘ L6.9 86,1 53.0 .9

{2, ?)(" D] (3 gyre.2}

'St, Deviation

| : i
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AE.
AOMPRESSIVE STRENGTA
MPa
REPORT h g3 s'r:wn:tuhi. LgEnT ACMiL? RES SLJPFI Al TEwRERAISE I 19en 1UBES
vemeed wgrm? ) sl ‘ pom tad wm I ve froncs J-—vl? I3 l o Il Tan } Teg J Tag l
| @ SHAFTS 14345 ; L : ; L
b.s71 875 _ wg0 2,5 LP - 6,5 16 a5 '45 7 $0.9 58.3°
§72 | ® p.L.AS,50 880 0,31 2,3 2P 14 17.018 (eS8 52,1 85.1
673 | " " 56,50 v80 0,52 2,5 LP 17 16020 ‘4.8 51,8 S6.2
g7 |9/ ) 480 2,5 LP © 19 P17 118 ,uu 4 69,5 52.3 '
£75 ] v lugo P R R R R S A ; ‘43,0 7.7 52,
76 | v | v ws,es  jeso otz te D16 12 19 | l42.5 48.5 52.3 ;
677 . | = ug,70 ?usg tou0 2 L 10 : Dyg lag {u2.1 49,5 lsu.2 ;
578 } 10/6) " 50,00 680 1,5 Lp 15 tas In 0 Teo.efus.s isou |
§79 ¢ * i " 51,50 480 1 LP 19 17 ia2 41,2 4E.4 S 51.8
se - * | " s1.00 4go g,42 1 LP 10 T1r ! %uo.a 49.8 |53,2
582 | 1046, " 51,43 ugg © 1 LP 14 toe ne | [43.9 52,8 33.2
583 {11;5 52,90 LagQ 1o 15 LI { ‘.0 51.% 35,1
sgy 0 om o " B3N8 480 1 LR L2 % 18 [43.5 u9.1 58,2 55.1°
| gsg ¢ " " 53,90 se0 o821 LP 12 L7 o2 18 43,5 62,5 (51.u
1 §87 1178 " 56,25 uga 0,42 1 LP T TR 45.7 52.5 5u.2 :
gsg |, " - " 58,70 sg0 0,411 LP= 15 | 25 13 49,1 §3.3 55.1
§23 | 12/6 " 55,80 4eg 0,421 LP 15 1.7 28 ix1 45.3 49.3 35.2
§30 | " * 50,35 bgQ .D,42 1 LP 15 L6 Y ! ‘43.9 50.0 .52.3
g51 | " » 56,80 480 0,43 1 LP 7 D i1 43,0 47,9 .53.2
g92 : * " 57,50 ugg G,u¥ 1 LP 12 2,0 .28 ‘17 83,9 30,2 5R.2
§33 & " n sg,00 w80 0,431 LP 15 . 2:5 '2s 37 '43.0 $0.0 53.2
ou 1 13/6, " §9,30 480 0,43 1 LP 18 1.% 25 1z ; Lh.4 48,3 51.4
§35 © " i " §3,85: B9 0,421 L? 13 i 29 15 ! 49,1 §6.0 59.5 f
696 | m . " 50,30 480 0,821 L T1z L4928 1 43.9 56.2 S4.2
637 . " i % go,78  wso 0,11 LB .13 i 29 15 43,5 9.8 §u.2
sg . " i " §1,00 480 0,421 LP s i 117 s 43,5 .51.% [33.2
599 11w/8i " 52,80 80 021 LP 16 12,0 127 38 54,8 51.8 53.7 :
700 | " | " 57,20 C.20u80 0,822 LP .13 i L2 L Phy.w 52,7 1818
700 | v | m §3,7%  ss0 . h tp 113 18 25 : 44,8 50,0 {52.3 i
702 . " ' " 53,45 C.20480 iz LP S18 | Pes 1s | ‘52,5 '53.9 :58.8
703 15/, " 64,45 C,20480 0,801 LP f12 HE TR ER '47.6 $3.2 :54.6
706§ " oo™ 85,80 880 10821 LR 112 11,8 02 7 47,5 5.4 56.4
708 | " | " gs,3s  uso g2l LP 15 L2512 41,7 48.2 Sl.b S1.4.
708= i " . " 55,80 480 1 LP 12 2,6 125 1S w48 49,1 | §S5.4
767, " " 67,45 ‘ugQ 1 LP SR c22 e 4§.8 S1.6 53.7
708 " W 1,15 C.20480 0,%2 3 LP 12 - Caw 011 50.0 $6.2 58.7
708 1846, " 69,20 ‘weg Q,u2 1 LP 12 2,0 23 13 47.5 SL.5 .S8,2
720 ; " " §9,95 '4g0 0,43 1 LP 17 25 17 4%0.3 §7.9 30.4
710 0 " ' % 70,35 w80 8,821 LP 12 1,2 25 19 43.0 89,8 52.3
712 0% L om 70,85 480 0,42 1 LP 13 - 26 18 46.3 53.5 58.3
13 " " 71,25 €.20480 1 Le 1w ‘ 47 L mE.3 52,8 157.9
714 '17/6 0 " 73,00 480 0,62} LP 13 1,9 .28 1 6.3 $3.7 53.2 -
715, " ° 73,u0 48¢ 0,82 1 LP 13 77 20 43,5 $1.7 34.2
718 " 73,89 480 . 0,43 1 LP 1% 1,3 13 I8 ‘3904 85.6 43.1
717 1% v 74,00 CTL R 1 LP 13 117 ‘13 ! 60,3 bE.5 9.9 :
718 !18/6 1 " 75,60 wap 0,13 1 L® 15 i1,3 i125 |16 | 3.0 u6.0 151.9 E
729 ot 1o 76,00 w80 0,21 P 11 E L7 | 41.2 43.1 518 :
70 oL om 7700 e g,82 1 LP L12 11,% 18 29 63,8 K8.6 :52.3 1
; ; : . i , ! : ; : |
ic:;rg l‘% e -[;w-: N2 P
12/11-7% | 3488 L7 1
1 I
. I i
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1P
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Subiect: Groufting of anchor bolts

r

- !

It is demonstrated that the houses of °°  anchor bolts have
untight connecticn between the spiro duct and the inner

tube,

Water, ordinary grout (Betckem I¥ (B) ) and thixotrovic
grout (CBP 208) were separately purped inte the outer tule.
- - P R L] . .

The water streared easely through the tube connecticns.
Alsc the two types of prout passad through. The thixotropic
one, however, prcved the lowest flowing rate.

The amount ¢f grout thrcugh the connecti
<

ns decreased
rapidly and seemed to stop after shert e

o]
im

Tae meunting of the Dywidag bars and the routine of
grouting are given by drwg, 1785 - 07 - 326, dated
25.5.75.

73

Grouting test cn a bolt, scale 1 : 1, was carried
out during week 323/78,. '

After gvouting the bolt was cutat ceritical zones, shcwn on
the enclczed sketch. The following insvection proved

that the exrcsad sections of the ducts ware completely
filled with grout. '

Rased on this full scale tes® Franar=Notebv recemmends
the following grouting procecure:

il Bl BN Il N - - " R - ‘
‘ __ ‘ . - - R . ) R e

I
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SROMCRATERY e R Page 2.

- Injecticn betwe=n Inner and outer tube un to-
P.L. 129,40 with a thixotropic srout witl
composition as belcw: . ‘

-] -V '-' -
. ! ! t '

Cerent PC 300 " 100 kg per batch

Water S0 1t v
CBP 208 A 0,6 kg "™ "

During grouting of cuter tube water shall be kebdnt
in inner tube to prevent prout leakage through *he
untight connecticns.

Inner +tube must be flushed with water hefore hardening
of grout in the outer tube,.

D,

;
v

. Ordinary grout with the mix nroportions below, should
be used by the injection of the inner tube:

N N .

Cement PC 300 160 kg per uvatch
Water ~BO 1t % "
Betokem IN (B) 1,5 kg * i

The tube is first to bte filled slightlv above the
iniet. No futher injecticn must take place before

water below the inlet has escaped and the bottom of
the tube is filled with grout,

~  The mentioned trial demonstrated “that a waiting time
of 30 minutes satisfies this reguiremant,

The injection of ~the inner tube will after this be
completed.

>

;

|

A grouting outlet from the, top of the inner tuve

must be designed by Grgner, Osle. The bleeding oi--grout -
will comequently be stored ‘n the flexible ocntlet,
otherwise directly underneath the Beagen» nut.

Air inside the inner tube atove the grouting outlet,
must be evacuated through a drilled cut hole,
@ 2-3 mm, in the bearing plate.

|
|
|
I
I
I
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- BROSER-NOTELY R .
' | ' Pape 3.

Groutinpg should be finished by keepine a punping
pressure of 10 hars at the inlet of the tube for
approximatelv 1 minute. :

-’, -“

If grouting disapree with this procedure, permission shall
be given by the desipgner. '

o A Regards
o ' Gréner-Notebv

I - ‘-‘1
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Condeep, Frigg TCP-2.

DECK/SEAFT CONNECTION, AS MADE REPORT

L

oS R

The connecticn of the steel deck to the shafts has keea
carried out during the weeks 16-18/77 by the firm
Precon A/3, Lillestrsm,

Ll %) g

Gregner-NoTegBy managed the ccntractor% site control.

1.

For all the greouting cperautionsof the bolts, mortar of
the following compecsition was used:

BT,

'

CLuhah!

100 kg. OP cerent + 41 1t water +1,5 kg Betckem IN{B)
per batch. This mortar proved un exallent workability
and has the follewing characteristics: 3

max expantion ~+ 2,8% within 3 hrs.

* bleeding ~ 1,6% " 5

‘no " ;fter 18 "

o

mean 2B-days strength 36 MPa(ll cm3 cubes)

A prefabricated dry mortar, Rascon Nonsetl20, was used
for the grouting under the steel deck. 17 1t water was
added to 80 kg (2 bags) dry mortar and mixed for about
1 min (high sprod mixer} before the grout could be pumped .

WA T S YT

into the aggitator. The fluidity of fresh grout was ceter-
ninzd to 30-25 sec by using a Marsh Cone.

Cfeas ot g
A

' During effecp%ve production time eof 11, 12 and 17 hours,
(shaft 1, 3 amid 5) 27 + 20,5 + 35 toons of dry mortaxr was

r

mixed and placed batween the transition units and the deck.

Grouting was started against the inner shutter. The injectiocn

T 5

Teleohone 02123500

L
pipe was pulled towards the inlet as the mortar had reachead ;
the lower side of the steel ring. The placing ¢f mortar E
aleernated in boch directions Irom the first inlet. unitil the Pt
ring was filled. ' | &

e [

¢

tngenier Chr. . Crancr ALS. NOTEBY Morsk Teknisk Dyggekantroll A8 g
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epome mingr honeycombs verc dote

The bolts wera tensioned 3

; . , S A M an A A EE R e e
' ' . ) . . i - ’ .
’ . : : : -. - -

van/ L

e ghutters had to be placed against the
After removal of the formwork
crad at these goections. ALl
soning of the DYWIDAG D&GLS .

some places the sid
underside pf the steel Tiiyg.

defects were repaired before tens
-~ & days after grouting. Curing
rests demonstrated that the mortar strength requirement for
this cperation was achieved after 2 days. :

2,1 MPa from 7 samplcs tested

A mean strength value of 4
1 strength reguirement o

after 7 days indicates the genera

be met.

Max mortar expantion'reached 2,5% within 5 hours. No bleading

was ohserved.

Highest moriar temperature during the hydraticn was measured

o .
to 54°C, 14 hours after casting.

d in accerdance with the

the retensioniang of the
proved to

The DYWIDAG bars were tensionsg
designers working procedure. However,
bars to 84 MP was neglected as the final elongation
agree with the first stressing to this level.

The tatal elongation of bars could be estimated to g8 - 9 mm
dara made aweilable by the £inal tightening
This is approximately 1 - 2 mm more
wvalue jndicated by Precon A/S.

py recording the
of the hexagon nuts.
than the theoretical
Ccalibration of the manometer connected to the pump was done
bafore tensioning ctarted tE}gugh any manhole, This routine
test was based on precision'manometers approved by the
technical university of Norway - Troncheim.

The designers tensioning precedure requires an initial
stressing of the bolts to 85% of the yield strength, 95,2 Mp.
The final force ia the bolts, howevel, ic lowered to 84 Hp.
Taking into account the area of the pump's cylinder pistaol,
235:62 cm?, and the current friction loss in the jack, 5%,

- the correspondant pumping pressure will be:

424,2 kp/cm2
374'3 " u

95,2 Mp x 1,05 x 235,62 cm?
84,0 Mp x 1,05 x 235,62 cm?

H

ith access through a cartain
destressed and retensioned
pared with

Before leaving a group of bolts
marnole, one accasiconal bolt was
to 34 Mp. The elongation could accordingly be com
the first stressing. . _ .
- shaft 1, was lost during

'One bolt, ne. 111 - manhole 1.2
tion between the

tensioning as a matter of unproper connec
coupling and the upper part of the bar.

7 bolts got anselongation less than 90% of the mean value. ¥
All bolts, however, were stressed with the required force.

iness by measuring the

Taking into account the unstead
otal result of the tensioning J

elongation of shert pars, the ¢
should be looked upcn as satisfactory.

cubes the following 36 bolrs

By the grouting of the inner
proved _to b plocked:
it .
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'shaft 1 - 169

shaft 3 - 414, 431, 433, 334, 337, 339, 34i, 352, 335,
356, 361, 372, 378, 379, 387, 389, 301 and 447.

" shaft 5 - 662, 634, 549, 616, 586, 363, 565, Egz. 568,
598, 600, &OL, 5L3, 515, 517,663 and 574. -

The bolts had to be grouted from the top and retensioned as
the grout was still fluid.

The teoretical volume of the inner tube is about 4.0 lt. It
was demonstrated during filling these tubes that the mean

..amount of mortar was lying above this value, which proves a

proper filling of the ducts. v

10 bolts had a need of grout less than 4.0 lt.
es S S

s

Bolts no. S17, 355, 361 and 379 were filled by approx. 3,5 lt,
~ 0,5 )t was sufficient for bolts no. 507, 598, 513, 515,

414 and 289. :’.

The reduced need of grout for the first group may be axplained
by a more obvious initial blcckage of the grouting inlet.

An uncontroled Ffilling from the top givas ths reason of the
mederate amount of grout used for the sscond group. Some
se_tions between vertical steel bracings had to be filled
with mortar as the square bearing plates didn't ecover zll the
baltholes through the lower deck flange. Concefguently tha ' '
mortar could stream casily dewn through simular openings and

into neighbdur bolts. By retensioning of these bolts 2 signi-
ficant loss of the momentary elongation was registrated.

o)

The upper part of bolt including the nuts were covered Ly
portar filled into PVC-tubes of 4 16 {partly 9 14 caml.

The filling was mainly carried out in two steps. The inicial

streaming of grout througn the groove in the hexiagon nut
tightaned the tube tc the bearing plate. The final sealinyg
was dene by filling the tube from the top.

Before this pouring was executed it was discovered that o
in scme tubes had streamed backwards through the groove and
led to miner cpenings just beneath the hexagon nut.

voules, @ 5 mm, wers carefully driiled through the upper

bearing plates intc the ogenings..The open zZones ware
successfully injected by pressing movrtar into the openiligs ' :L
until grout was stresaming out of the groove.

The average amcunt of grout for this operation could ke
estimatzd to 35 > per bolt.

All together 6% belts as situated below were regrouted
from the top. B

: it
bolt wirwloers,

L
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Shaft 1 - Manhole 1,1 3 bolts’
- 3 ll‘

" 1,3
- 1,5 3 "
1] 1'6 6 L

shaft 3 - Manhcle 3,1 4 holts

" 3,2 1"
" 3,3 20 " :
3.4 3 "

. 3,5 4 "

Shaft 5 - ﬁanhole 5,3 15 bolts
" 5.5 1 bolt

Yours sincerely,

for, uR@NER—\IOTE-B\Y

LA Ao W AAAE
kj%zaflpn Rivise

Enclosed: .

- Tensioning/crouting lists for DYWIDAG bars
— Temperature records

Copies:

EL£/TNO, °lteq

DnVv, .o

PRECCN, Lillestrgm
Grgner, Oslo
Grgner-NoTaBy, Stavanger
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~dsck-shaft connectl Oh, iensianing and grcuting of .
‘dywidag bolts o S i ‘ ‘

n—qoﬁwaﬂﬂnuﬁquﬂwm-ﬂa-dq
- . Lo

{

AN

decK/shaft connection, ..

we refar 1o groenar-noteby s report"‘

uarﬂg,<ﬁw T

w8 have reviewed this rep
v gotimentss

fthe tansioning ot the&bohte5ahbpars tp be carried out
* Tacecording to procedure agreed upon, refer 1o our
'fteLex no., 71786 da*edl11 5.1976.

boLt&fia carried out with several deviaticns o
¢ arouted Trom s
procedurs
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3ﬁ52.-.the grouting of
“from agread prccedure._35 pbol.ts had to 0
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accsptable, however, 10 bolts;are improperly grouted B
gccording to g-n's report, and witﬁaut further dobumerta*innf;
"the grouting of these bGutS uan not be accepied, 2 statpmaﬁt;

- _..should be submitted to dnv as to tha conpequencies of X
,fdisrega ding bolts no, 517, 39 . %64, 379, 567, 598, 515,
515, 414 and 389 in the StructuraL catculations, .

‘{a mafor dnv reserval on ?or ac~ept ng the 9teaL quaLity
‘of dywidag bolLte was 100 percent corrosion protection of
f?he holLts by cement greut. tHerefore the 36 bolts .- . 4“a
“not having been grouted avcorcing to agreed procedure,iare
" to be considered as significaﬂt _objects for iy *f“
'future {n-service inspection- refar to par, 7 in cur tetew

no. 7786 dated 11.5,1976.

”

,:the 63 btha having baan *egro
“identified with boli numbers;

;in generat groener»ncteby’s own'concLucions regardirg the .T
. quality of the resubt of grouuing oparations are missing e
7 in the report, and should be: incLuded for a *in?L as sa:maﬂv
; of the quality of the deck/°haft COWﬁection. L
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The surfass has t0 Je.treatad with air’ pressure

--%sz= BI, in fluid fo-=, to be sprayed on to the

su-fzz2, and to be.active for about 10 - 15 minutes.
In C=zses3 "“are only sweating is observed,cement O

P -

~ =0 be applied on the surface by throwing.

BI-zowis
(there witer leakage is observed, a mOITar of cement

mixed in BI riuid {never the other wayacound) to be-

pressad into the cracks.

Mixing by hand is recommended (ruhber gloves) in a

half globular shaped ceontainer made by rupber, {(dia-

meter At 15-20 cr}.

After mixing the mortar the container to Dbe pressed on
The mixing

the spot until the mortar has stififened.
time must be less than 15 seconds.
After treating the leakage as described and the mortar

has stiffened in 10-15 minutes, the repairing must be
15 stopped. The

inspected to ensure that the leakage i
repaired area to he coated with 1 layer of P-1 epOXy.

poxy cannot be appled direct on sur
ai@. Cament or BI-powder has to be put
F=d
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PROCEDUDCE FOR SZALINVG TIE-HOLES IN PLINTHS

g €I tTiz-hislas in plinths has to be perforrmed as des-—
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Mixed 1L
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To make =z Zcozzay tixotrop, adad

The tie-ncizs Lz-e to be cleanad and dried before the Epoxy
can be used for

EPOXY—-SDPACKEL .

SAND
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The quantity of sana c¢an be variated depanding on suitable
enc

consistence.
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FRIGG TCP-~2.

Report on Epoxv repair works on top of shafts

Introduction

After mating of the deck in Ancalsnes, the spaces between

the. steel rings and the Previously slipformed shafts were
filled with concrete. Some time later it was observed that
cracks had formed in this concrete on both faces of the wall.
The cracks were evenly distributed round the perimeter at a
distance of approximately 35 cm. The crack width was assessed
to 0.1 - 0.2 mm. On the inner facés the cracks were of
smaller width than on the outer.

Il GIR A a Al
- - . s B

Repair works

After the platform had been installed at the Frigg field an
inspection of the cracks took place on June 29th 1877.
On this occasion DnV was represented by mr. N.F. Braathen.

After the inspection, NC's representative precsented a pro-
posal for repair method to DnV. The method implied thorough
wire brushing ang ceating with 1-2 mm epoxy kescon L. on the
outer face of the shafts. '

The repair works on shaft no. 3 were completed on July 5th 1977
and accepted by DnV the same day. '

Formal acceptance of the proposed metheod of rapair was given
by DnV.in telex no. 70312 dated July 7th 1977 on the condition
that it could be shown that the cracks are surface cracks.

On July 9th chiselling of the. concrete was carried out at some
of the cracks on the outside face, in order tc determine the
crack depth. It was found %hat the depth was legs than 10 cm.

On the same occasion Dnv inspected the epoxy repair works on
shaft no. 5 and this was accepted by note and signature in the
log-book. The sama note specifies that the repair works on
shaft no. 1 should be carried out by applying the epoxv only
in the vicinity of the cracks, leaving uncovered portions of
concrete between the cracks, in order to facilitate future in-
spection. This work was carried out the same day.

conclusion

The repair works have been planned and executed in close con-
nection with DnV's representatives onboard the TCp-2.

We therefore conclude that the repair works are complete and
have been performed in accordance with agreed procedures,
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PROCEDURE FOR REPAIRING OF CONCRETE AROCUND 51 SLEEVES IN SHAFT 3
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SN AZEA TC BE
COVERED

,n—-»»~r~—m—~—— SLEEVE
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1. Steel brushing of tha area to be covered, in order to take away all

loose particles.

2 Thé area to be coated with a approx.rzo mm thick layer of tixotropic

epoxy Rescon L.

The epory will be filled with Sylodex 23 and sand in order to be able

to plaﬁe it in one coperation.

3. The job is planned to start Friday 2nd September, 1977.
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Andalsnes, 26. august 1977
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