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A SURVEY OF EXTREME WINDS IN SOME FJORDS IN HORDALAND

INTRODUCTION.

The examination of extreme wind conditions in some specified
fjords in Hordaland was ordered by A/S NOCS in their letter
to Vervarslinga pa Vestlandet dated 15 March 1985 (Annex 1)

, and the task was further defined and expanded with the telex

dated 28 March to DNMI (Annex 2).

It was agreed on telephone that this task could be solved with-
in the existing service for climatic loadings for engineering
purposes established as a cooperation between DNMI and The

Norwegian Research Institute of Electricity Supply (EFI)

The intention of NOCS was that. the present report should be
based on existing data and knowledge without doing any further
time consaming analysis of data and topography. For this reason
the present report must be considered as preliminary until

eventual further studies are performed.

A map covering the areas is shown in Figure 1.

2. .AVAILABLE DATA

2.1 Stations and records.

Two weather stations in the area are equipped with anemographs:

1. Flesland (Bergen Airport) 48 masl.
2. Hellisoy lighthouSe 20 masl.

L

Flesland has a fairly good and homogenous record of both gusts
and 10 minute means from 1956 on. The data from Hellls®y are
more doubtful. There has been instrumental failures and other
errors in the data, and special topographical effects” 1nf1uence
the representativity of the data [1, 2] . The record of 10 min.
means from 1963 on is probably the best one. Other weather
stations in the area observe the wind force manually according

to the Beaufort's scale.




Extreme analysis are performed on 10 min. means from Hellisoy
for the period 1962-83 [2] and on gust wind speeds from
Flesland for the period 1957-72 [3] .

General wind conditions.

Tables 1-6 show the frequency distributione of wind forces

and directions for Flesland and Hellisoy for January, July and
for all observations in the period. It is seen that strong
winds occur in the sector SE-NNW, with SE-S being the most
frequent directions. It can also be seen that northerly winds
have somewhat higher frequency in summer due to the sea-breeze
effect. The expected sharp drop in wind forces inside the

coastline is seen when comparing Flesland and Hellisoy.

Estimated extreme speeds.

Gumbel's distributioﬁ of extremes is applied on 16 yearly maxima
of wind gusts recorded at Flesland. With 100 years return

period this method gives a wind speed of 45 m/s. The reduction
factor to 1 mlnute mean is stipulated to 0.88 [4] Wthh results
in 40 m/s. The reference height is 10 m.

As mentioned in Section»2.l there are somedoubtful properties
of the Hellisoy data. Because of the central position of Hellisoy

"with respect to the actual areas, an example of extreme wind

calculation will be given.

The 10 min. mean wind speed with return period 100 years is
calculated to 38 m/s. Howevér, the reference height is not well
defined. The anemometer height ie 13 m and the ground level is
23 masl. In [ZJ it is suggested that in the sector SE~W-NNW the

anemometer reading may represent 36 masl insteéd of 13 m above

ground. If thieijs true, the 100 year value should be reduced
to 32-34 m/s 10 masl, or 36-38 m/s for the 1 min. mean. This is
not in correspondence with the Flesland results, as Hellisoy

is expected to-have the highest value. The reasons for this
discrepancy will not be discussed hewe, it should only be noted
that there are of course also uncertainties in the reductions

made above both for Helliseoy and Flesland.

However, it Seems reasonable to assume that the 1 min. mean ,

w1nd speed should lie between 35 and 40 m/s. In the follow1ng N

sections it is assumed a value of 40 m/s near the




coast line. Generally, the mean wind decreases rapidly with
the distance from the Coast 1line, but topographic effects may

alter this pattern.

2.4 Other return périods.

Based on the Hellisoy and Flesland studies, the following
reduction factors can be applied on the "100 year" value to
get other return periods (the method is not defined for return
period 1 year):

Return period (years): 2 5 10 20 50 ) leO
Reduction factor. 0.7 0.8 0.85 0.9 0.95 1.00

2.5 Directional and seasonal variations.

Anélysis of directional énd Seasonal variations are not per-
formed. The values given in section 2.3 are maximum yearly

or autumn-winter values most likely to occur from SE-S and
secondly: from NW-N. From other investigations it is reasonable
to believe that the corrresponding values are about 3-5 m/s
lower from SW-W and 10-15 m/s lower from NE-E. |

Summer values may be of the order 5-10 m/s lower than the
yearly values.

Further quantifications of directional and seasonal variations
cannot be done without further analysis of the records from
Flesland and (perhaps) Hellisepy. Such. anaiysis includes manﬁal
readings of anemograms.

N

2.6 Variation with height.

The values given above refer to the standard level 10 m above
the surface. For Practical purposes the vertical wind profile
can be expressed with the "power law":

. 7 &
z = V1o gp) (1)

where: v, is the wind speed at height z,

Vio is the wind speed at height 10 m, and




& 1s an exponent varying, with roughness, and will
propably be in the range 0.15-0.20 for 1 min.

means in this area.

It must be stressed that local conditions may seriously alter
the wind profile, but such effects are not possible to evaluate
generally for the areas and can only»be done (eventually) for
specific locations. ’

3. DISCUSSION OF THE AREAS
3.1 General.

The following discussion is based on a brief map survey and
is therefore mainly qualitative. A more detailed study for
specific locations.can eventually be based on detailed maps
(scale 1:50000) and local inspections if necessary.

The fjords north of Bergen are typically oriented SE-NW or
parallel with the strongest winds. This is of course not
fabourable. Because of channelling effects near parallel high-
level winds will be turned into the fjord direction.

For transverse winds the downwind terrain is often as important

as the upwind terrain. E. g. a high level area will often lead
to reduced wind speed on its upwind side.

The areas 1-5 are marked in Figure 1.

3:2 Tvibergey<(Aréa-l) .

The area around Tvibergoy is open tb all directions and the
heights on the outer part of the Lind&s-peninsula are lower
than 200 m. The maximum wind speed will probably be close to
40 m/s. The directional variations will be as outlined in 2.5.

3.3 Austfjorden (Area 2).

For the SE-NW directions the. wind will be a little weaker than
at Tv1bergoy In the central part of the fjord s-sw (and NE)
wind will be 51gn1flcantly reduced because of the helghts up
700-800 m towards NE. This means .that with. ‘the same return period 'Sw
winds may be of the order 10 m/s lower compared with the
SE-direction.




Austfjorden is probably the most sheltered of the actual areas.

Mangerfjorden (Area 3).

Mangerfjorden seems to be the most windexposed of the five
areas. It lies close to the coast line with only the low
islands of Qygarden outside. No special reductions from topor-
graphical effects can be expected. '

Davangervadgen (Area 4).

This area is a little more sheltered than Mangerfjorden, and

the wind conditions are probably comparable with Flesland.

Fusafjorden (Area 5).

Fusafjorden is oriented SW-NE or normal to the strongest winds.
However, the fjord is open and wide, especially the southern
part. Compared with Flesland, Fusafjorden will probably have
weaker SE-winds and somewhat stronger SW winds, but the devia-
tions will be relatively small.

FURTHER ANALYSIS

As pointed out in previous sections, more quantitative eva-
luations must be based on:

1. Further analysis of wind data, which also means reading
the anemograms for special events. Probably the most valuable
is to analyse the Flesland records of mean wind and gusts for
‘the. period 1957-84. From these data it would be possible
to quantify the seasonal and directional distribution of
the extremes. I

2. Further studies of the topography. When locations are more
defined, it will probably be satisfactory to study maps in
scale 1:50 000, but local inspection may be desirabléf
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Explanation to Tables 1-6:

HRS hours of obhservation in GMT

N total number of observations

C frecuency of calm

VM mean wind velocity in m/sec

M mean wind force in Beaufort

DD wind direction in dekadegrees, rounded off to the
nearest of 12 main directions: 35 01, 02-24 ete,

F wind force in Beaufort '

ND frequency of each wind direction DD

FDM mean wind force in Peaufort for each wind direction DD

NF » frequency of each wind force F




SR

c2

wind directions for Flesland. January 1957-1984.

Explanation: see preceeding page.
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- 2+ = 2 -<r -] —t O
qaa.DhULwLu:Jn.usq..Lu?u () 4 = .U-.Amdmﬂuﬁ.:b-:n-.lu.n... -
L L TR W - . K t -
IR P N I S Ao a 2 . o4 TSN S o e ed el o ool
o4
N = NIy we e -
R e T T S Y QTR -~ = Qu..w.quv.w.o.umq.unw-wf“
R I I T T R h P .
[T P Cd o raed 0l LI i o - il e ISP s
L
4
w -
P =~ =
i P =]
€3 &3 . e
b - ~— o
pnet 3 <
= =~
_m..ﬁ ", © o =4
Lx} nMvA. e %
o . @
& < & o =]
vt F) [V
e o« B ©
L ] P t .
Ry D] N [l IR IS ~ vy o nﬂm
“ - o s s e ~ 3 " =
W ES =3 = SR f o o =
2 ~ M X
. - f~ @3 gy r~ "
- ..»ﬁ_ el . ] [Ta} o4 Hed
o, B Ride Y " .
i tom N m.u-!. -
-0 s L T R ~ o ] 0 -3 — = O~y gy
- tad - . - - - - < . -
] ] [S R S S = A = = w S an e e
£ > - -
. - : u . ‘
- - e e e = v 22222239 v EH wmoms
- . : = 3 eyl 3 < T D S oo e - e el
e - o U pory g w
. < w) R RS [ baet
w2 - 4w Ry ..O,U.U].n..n.auaosvé.lo 9 - O 4 e e
A ] = o= cd S e e el eI . = -y L™
» . (o] I | ] QAVOO«U-;‘IAO«UOAU:» o4 [ Y o - gy
bl i - i ] b l'e} . — - 4 oea §G
52 . 3 s am 4y [ ] L N e S oo ey o~ ;o ud oen
< oD o -r fec) T w3 e = PP I Y R I L . - . oLt
» 2 2 - ey DU. - o - ] Cd D o e L I N N — -~ o T o~ vty
[ S B N - 3 2 e 3 ) - 3 i S S BT iy
- ) LA B o R P ot o . . P
= D - (] A SR I - B SRR ) v < D e pow
[T& N RS -t ST Tt ety - P R N I Tt Tl E e . s e .
AR et - b 3 ey em o Q [ LR R - T I S R | [Er B SV I I A [ 0 Yoy
[ SR S « _.‘.J " -..“ o N 2 — 2 X (] Ew 4 1A ed
ot . w2y 2 . &
=3 3 - 03 W 0 W g 1 o 4o oy o o wa rg
R A L EYE T Y . ST R Ny L] . R L Q 3 R B e « e s . P « 0 L R
- . . - - - - - - - - - e - » h - a [oe) - A a0 g T et D e et e > o~ LD €1 Cy et men
e I A [ - [ U R b= =) .o — nm
-t P N e [y .
&= B Mm (=] =5 ¢ P R gy
=5 . [ & . . & S wad oo
_ @ OrETTE o & sl ond.. .=, ¥ LTI
5 pe g Lid 8 e} ne = 3 -~ Cy M0 w1 o . [+34 —— Ped
Bra o W a1 & e oy B3 om E gLl <k F 8 fHR2ZSwwn e eE e EOR Siaoom
By moon o Ll 23R Cd 0O i ey by 4 L — =N, -
L]

Table 2



.
< l\
o o 5
9 5 Cd O D K
3 e 5 neee U3 €4 2 0 g g
I o B P IS A Gan
~ 4 = I I S S = P2
&+ -t i} : ; s
wn iL E T v O ey e m e
R R o T
o = T ¥
—~— . LK) 3 i
5 3 - = = el
-
.
=
= —
" 3 -
: : 5
" @ s .
. m
. - X . =+
+ &= « :
i [354 =&
[1s] had >~ 2 =
> R, .
: | 4 =]
_J & ) m
Q e ! o i == o o |
[12] o & S = P o Tee i
- o=, - e 2 k ’ S
Q : A . . ’ .
O : ) i . i L3 B o I o ) L% )
Z5 O i .
o~ - .
—_ o e T :
— n»m =& - = .
.:. : . | ™
a o Lol .
s - =
; . = e o .
- e 2
O » o S — .
f .@ ™=
T et e B .
PP e .
- LR R R ] 1.“ _..w o
wm.... (5] ul :
~ ™ h "
o 2 R -
2 = L I .
= bisd o
& R B -
. . T I .
T H“ e Y LSO S
P . 1
i = @ e g .
0 2 S i o R 2
= o . e i
2 g = o RISt R
r S
) it} w ;
. i w - =z 1 .
& 5oes L
& 3= EEown :
- - 2
oo
—t .U“hv |
..D = 2
&

E—

"TTIFT I 1T



Table 4. Wind distribution for Hellisoy lighthouse.
January 1963-84.

HELLISEY FYR JANGARY  1983-1934
HRE, 00,35,12,15 §M7 N= 2697 L= 1.9Y VM= 8.3M/S FM=4.4 R

poe ]
=]
~r
—
(8]
4
PEN
<
cr
~3
("o
~0
o
[
-—
—
-
+a
P
[}
-
cs
=

01 0.3 0.8 e 1.4 1.2 0.6 0.3 6.4 4,7
02 AT s L0 S.h 4.3 0 .3 L
04 gL Lt 07 0.2 4,2 2%
0 0.7 2.5 L5 41 de 0.3 3.7 3.0
120 04, L6 2.6 4.9 2.5 4.1 9.3 0.1 8.6 6.9 13.6 4.0
15 9.3 Lt 2.7 5.3 .5 4.0 2.4 L0 01 ‘ 20.9 4.8
185 0.2 0.4 (.1 2.5 3.4 3.3 2.3 LS 0.4 0.t 15.4 5.5
2 02 05 1,2 48 0T Lt a3 5.3 5.3
2% 0.1 0.3 64 18 f: LI O07 0.7 o 6.1 5.0
274 0.3 006 03 L3 44 05 0.7 A 4 4.9
3 .0 00 0.2 0.5 6.4 0.8 0.3 0.2 0.1 2.7 5.2
33 SIS TS PR A - B S-S OF S S S - O 4.2 5.3
NP B 7.4 14,4 23.5 16,4 155 2.8 4.7 L0 0.d
FREQUENCY OF HAX WIND FORCE SETYEEN THE HOHRS OF ORSERVATION

¢
19-01 .5 .7 9.7 3.4 3.5 1.4 2.8
M-07 0.6 3.4 1009 9.2 L7 0.4
87-13 03 L5 8.3 2.1 30,7 0.4 Nl
13-19 13 2.9 114 5.4 3710 0.1

Table 5. As Table 4 for July 1963-84.

HELLISHY FYR : JULY 1963-1984
HRS. 00,06,12,18 SHT ¥= 2573 L= 7.5% VM= S.5H/S  FM=3.2 §
B OFf ot 2 3 5 & 7 8 9 0 {1 12 Mb FIM

3 0.8 2.0 2.1 3.1 2.3 1.9 0.7 0.0 13.4 4.0

03 0.3 0.5 0,3 0.5 0.2 0.1 9.0 1.9 3.0

06 9.3 9.3 0.2 0.8 1.8
096 0.4 0.4 0.2 0.4 : JL1 19
127 0.6 0.5 2.5 0.5 0.2 4.0 2.4 2.7
15 0.7 0.7 1.9 1.9 0.7 0.8 0.2 5.1 3.7
185 1.0 4.8 2.9 3.6 L9 1.4 0.2 0.0 12.9 3.7 -~
21 0.8 1.7 1.5 2.3 0.9 0.7 0.2 0.1 8.2 3.5
24 0.9 L7 L7 L6 06 0.2 0.0 0.0 6.8 3.1
MOLe LT L7 1 0.4 0.0 5.9 .7
30009 7 2.0 2.0 4.7 0.3 0.2 8.8 3.0
33 L3 4.0 4.8 8.3 3.5 3.0 6.5 0.1 24.1.3.8

~
.

-y
<
L 22

F 9.7 18.0°18.9 23.2 11.8 8.5

FREQUENCY OF MAX WIND FORCE BETWEEM THE HOURS OF OBSERVATION
£
{9-01 2.1 5.0 A1 H
a-47 I 4,1 L7 ' HA
2.8 G5 09 .8




Table 6.

- NO. OF YEARS

As Table ¢4

HELLISSY FYR

HRS. 00,85,12,18

i oFr oy 23
6 4.4 1.2 2.1
a3 3 9.7 0.9
05 03 1.1 A
WE LE 7 22
i2 L3 L3 L9
i3 L7 L3 3
B5 05 Lo g
2i h3 8.8 1.4
24 0.4 4.8 11
IFE 44 a7 0.7
30 4 0.9 0.7
33 &5 L4 1.3
NF 5.9 15,3 17,7
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#IND FORCE BETHEEN THE HOURS

for all observations 1963-84.

VM= 7.0N8/5

YEAR 19631984
H=293! £= 4,52
3 5 § 7 8§ 9 14
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MOLLENDALSVEI 61 - P.0.B. 3133 BERGEN - NORWAY - TEL. (05) 29 48 30 - TELEX: 40 562 LEAS N - BERGEN BANK: 5201.06.86172

Vervarslinga pd Vestlandet :
Allégt. 70 : BERGEN, 15. mars 1985

5000 BERGEN

’x,n EOKROLOGISK
CINSTITUTT
, T ]
o 4-’)0; 1’ v S C
VINDHASTIGHETER / 0 7C7 ,12 MRS 85

o . : | .-”-.sm‘/'; PR
Vi viser til hyggelig samtale med Deres Herr A. Aasen, og 'ber omTmaky"

forventet vindhastighet - mdit over hundre &r og malt som gjennomsnitt
over 1 min for folgende steder i Nord Hordaland

a) Mangersfjorden,
b) .Davangervagen v/Hanoy,
c) Tviborggy sydest av Mongstad.

Informasjoner skal brukes til dimensjonering av oppankringssystemene for
betongplattformer under bygging.

Dersom fremskaffelsen av ovennevnte data er vanskelig eller krever store

kostnader, ber vi Dem ta kontakt.

- Med hilsen
for A/S Norwegian Offshore Concrete Structures
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2/84

3/84

4/84

3784

6/84

7/84

8/94

9/84

10/84

11/84

12/84

DNMI—~HI_LIMAAVDEL INGENS FAGRARPPORTEFR

NORDLIE P E:

KLINABRANSKINGAR I WVE'S PROSJEKTOMRADE

FOR KRAFTUTBYSRING
Statusrapportar 1983, administrativ del
Oppdragsgievar: NVE-Statskraftverka

AUNE B:

ROGNNOEN BRUSTAK

Eventuelle lokale klimaendringer

08.06. 1584

Oppdragsgiver: Statens vegvesen,
Vegsjefen i Troms

FERLAND E J: )

PAREBNELIBE EKSTRENE NEDB#RVERDIER
03.07,1984

Oppdragsgiver: NVE-Hydrologisk avdeling

FORLAND E J og IDEN K A:

EKSTREN NEDBER I LOPET AV 1 - 30 D#GN
Observerte og beregnede verdier for
49 stasjoner

03.07.1984

Oppdragsgiver: Vassdragsregulantenes
Forening

NORDLIE P E:

Eb NOGREINA -~ BOKSRUD

klinavurderinq av konsekvensane ved

kryssing av Andselva :

05.07,1984

Oppdragsgjevar: Statens vegvesen,
Yegsjefen i Akershus

NORDLIE P E:

KLINAENDRINGAR PA BRUNN AV I8 1
INDRE NORDFJORD

05.,07.19684

Oppdragsgjevar: NVE-Statskraftverka

FIKKE § M: o

KRAFTLEDNING TIL ILULISSAT/JAKDBBHAVN

Heteorologiske vurderinger

25.10.1984

Dppdragsqiver: Grgnlands Tekniske -
Organisasjon

FIKKE 5 : )
KRAFTLEDNINGSTRASEER TiL
ILULTSSAT/JAKOBSHAYN
Reiserappart etter studietur
31,08.-10.09,1984

25,10,1984

Oppdragsgiver: Grgnlands Tekniske
Organisasjon

FIKKE § M:

22 kV KRAFTLEDNING TIL

HAMNEFJELL RL-STASJON

Is- og vindlaster

09.11.1984

Oppdragsgivers Tron Horn A/S for
Teledirektaratet TBE

FIKKE § M:

22 k¥ KRAFTLEDNING TIL

ISKURAS RL-8TASJON

I5- og vindlaster

09.11. 1984

Dppdragsgiver: Tron Harn A/S for
Teledirektoratet TBE

FIKKE § M:

300 kV KRAFTLEDNING DALE - FANA

Revurdering av is~ g vindlaster

29.11,1984

Oppdragsqiver: Bergenshalvgens kowa.
Kraftselskap

FIKKE S M:

66 kV KRAFTLEDNING TROLLBERGET - BEIARN

Is- og vindlaster

07.12.1984

Oppdragsgiver: Tron Horn A/S for
NVE-Statskraftverkene

13/84

1/83

2/85

3/83

4/85

5/83

/85

7785

8/83

9/83

10785

11/85

12/85

.

FIKKE § M:

132 kV KRAFTLEDNING NADDVIK - ARDALBTANBEN
Is- og vindlaster

21.12.1984

Oppdragsgiver: ASV Nyset Steggje Kraft A/S

NORDLIE P E:

KLINAGRANSKINBAR I NVE'S PROSJEKTONRADE
FOR KRAFTUTBYGBING

Statusrapportar 1984, adwinistrativ de!
15,01, 1985

Dppdragsgjevar: NVE-Statskraftverka

FIKKE § N, ANDRESEN L, HARSTVEIT K, SUNDE A:
BKANEVIKFJORDEN. EXTRENE WIND CONDITiONS
25.01. 1985

Oppdragsgiver: Neptun/Norwegian Contractors

FIKKE § M, ANDRESEN L:

ALFJORDEN, EXTREME WIND CONDITIONS
07.02.1985

Oppdragsgiver: Haugesund Mek. Verksted A/S

FIKKE § M:
HANNEFJELL RADIOLINJESTASION
Is- og vindlaster

11,02.1985

Dppdragsgiver: Siv.ing. dgrgen Madsen for
Teledirektoratet

FIKKE § M:

RL-MASTER PA LAUVVIKFIELL 0B TVERRFJELLET
Is- o9 vindlaster

11.02,1985

Oppdragsgiver: Jarlse Fabrikker A/S

FIKKE § N, JOHANSEN K:

SKANEVIKSFIORDEN. WAVE CONDITIONS
13.02.1985

Oppdragsgivers Neptun/Norwegian Contractors

FIKKE § ¥:

132 kV KRAFTLEDNING

VARANSERBOTN - FINSKESRENSEN

Is- og vindlaster

15.02.1985

Oppdragsgiver: NVE-Statskraftverkene

FIKKE 5 M, JOHANSEN K:

BANDSF JORDEN

EXTRENE WIND AND WAVE CONDITIONS
15,02, 1985

Dppdragsgiver: Norwegian Contractors

ANDRESEN L:

VINDSKADE ¥ HOSS

Vurdering av vindforhold og
hyppighet av sterke vindkast
26.02.1985

Dppdragsgiver: UNI FORSIKRING

HARSTVELT K, FIKKE S N:
AKSLA RADIOLINJESTASJION
Is- og vindlaster

06.03.1985

Oppdragsgiver: Ing. Bonde & Co. for
Teledirektoratet

FIKKE § H:

22 kY AVEREINING TIL

VIERVATN 08 FOSSDALEN

Is- og vindlaster

27.03. 1985

Oppdragsgiver: A/S Betongeast for
Ardal og Sunndal Verk

FIKKE § M:
EIREFIELL RADIOLINJESTABION
Is~ og vindlaster

" 09.04,1985

Oppdragsgiver: Teledirektoratet TBA

14/83

15/85

14/85

17/85

FIKKE § M )

132 kY KRAFTLEDNING BEIARN - OLDEREID
Is~ o9 vindlaster

09,04, 1985

Oppdragsgivers WVE-Statskraftverkene

ANDRESEN L:

EKSTREM VIND PA RYGBE
10.04, 1985
Oppdragsgiver: DNMI

ROGNERUD B:

CATALOBUE FOR SHIP AND BUDY DATA
16,04, 1985

Oppdragsgiver: DNMI

ROGNERUD B:

SYSHIP A TAPE MANIPULATION PROSRAN
10.04.1985

Oppdragsgiver: DNMI

FIKKE S M2

A SURVEY OF EXTREME WINDS IN SONE
FJORDS IN HORDALAND

19.04, 1985

Oppdragsqiver: A/S NOCS




