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Efni
 bréun adferda vid brimvarnir
. DESIGN AND
e Uppruni bermugarda CONSTRUCTION OF
BERM BREAKWATERS

* Fyrstu bermugardarnir a islandi

* bréun erlendis

e Storu bermugardarnir um aldamatin
e Likantilraunir med bermugarda

— Verkefni i Astraliu og Sri Lanka

Jentsje van der Meer

¢ Bék um bermugaraa - hOﬂﬂUﬂElﬂElabemlngum Sigurdur Sigurdarson

“P World Scientific
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" Hefdbundnir brimvarnargardar

HAénnun hefdbundinna garda: S
2 |6g af grjoti eda steyptum einingum A
Flai 1:1,5 til 1:3
Tveer adferdir mest notadar — Hudson og van der Meer
Adferd Hudson byggir a likantilraunum reglulegar 6ldur
— Olduhad, fldi, edlispyngd grjéts/steyptra eininga og sjavar
— Reynslustudull, tekur tillit til 6ldu, forms, skemmda, dvissu
Adferd van der Meer byggir a likantilraunum med o6reglulegar 6ldur
— Tveer likingar, steypioldur (plunging) og sugoldur (surging)
— Olduhad, fldi, edlispyngd grjéts/steyptra eininga og sjavar
— Sveiflutima oldu, gleypni, skemmda, fjolda alda

, . e ex s . , BERM BREAKWATER
— Lagmarksstodugleiki vid akv sveiflutima

‘
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Proun adferda vid brimvarnir — reetur bermugardsins

BUHEARAWATER, ]

 1970-1985, Hugmyndir um jafnveegis
flaa, S-fla, og mikilvaegi holrymis og
gleypni — Per Bruun

) \‘

e 19. aldar brimvarnargardar — : Sei. (,,_\
— Cherbourg, Frakklandi, 1788-1858, >6 Mm3 | ' " > ""'A) “?u} N\"\. i
— Plymouth, Englandi, 1812-1848, >3,5 Mt TENIe s wost. |
— Port Elliot, Sudur Astraliu, um 1850 PFME'NH E—y

* “einfaldlega byggdur ur granit groti, 2-7 - ,
tonn, sem var unnid Ur naerliggjandi
héfda og velt i sjéin” s

e begar gardarnir “proskudust” med
oldudaraun pa myndadist S- flai a
framhlidinni

4 Préoun islenska bermugardsing™
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Proun adferda vid brimvarnir — reetur bermugardsins

« [ Astraliu voru reyndar framsaeknar hugmyndir
sem voru undarfarar bermu garda

— Gardur byggdur ur afgangsgrjoti, Grassy, King Island

kjarnagrjoti ytt ut, 6ldur forma, sidan varid m grjoti

— Vidgerd a Rosslyn Bay brimvarnargardi, 1976, notad
grjot sem var til stadar - med hamarks holrymd
— Hay Point tug harbour, mikid magn af 3-7 tonna
grjoti, oldunni leyft ad umrada og mynda S-flaa

— Hugmyndin um “Mass Armoured breakwater” —
upphaflega ekki stodugur — med naegjanlegu magni
af grjoti umformadist gardurinn i stodugan flaa

— Mikilvaegi holrymis og gleypni vidurkennd
e Upp ur 1980 kynntu Baird og Hall “berm 2
breakwater” fyrir verk i Alaska, Kanada, islandi FETE= "y

B
L
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Bermugardurinn kemur til [slands

e Undirbuiningur fyrir oliuhofn i Helguvik
e Kanadiskir honnudir brimvarnar, Baird og Hall
 Likantilraunir hja NRC i Ottawa 1982 — Gisli Viggdsson fylgist med tilraunum

e Margar hafnir landsins purftu meira skjoél en framkveemdum hafdi verid
frestad vegna harrar 6ldu

* Almenn skodun ad ekki veeri haegt ad vinna stort grjot ur islensku bergi
 Hugmyndafraedi bermugardsins - nota allt faanlegt grjot -nyta pad sem best
* Grjoétnamsrannsoknir urdu hluti af hénnun — Omar Bjarki
* Framkveemdir vid brimvarnargarda hofust:
— 1983 — Bakkafirdi og Hofsosi
— 1984 — Arnarstapi, Nordurfjordur, porlakshofn
— 1990 — hofdu 12 gardar verid byggdir

— 1995-17 gardar
— 2000 - 27 bermugardar — 50% a heimsvisu

STONE CLASSES )
, , . | 30<W=<60t W=40t
6 Préoun islenska bermugardsins Il 05<W<3Bt W=20t

Il QUARRY RUN
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Proun bermugarda erlendis

* Doktorsverkefni Van der Meer, 1983-88, hefobundnir
stodugir gardar yfir i grjot og malarstrendur

* Lyst med stodugleikatdlunni Hy = H /AD
— Lagt H, ~ stddug brimvorn, hatt Hy ~ steinar 3 hreyfingu

A ICCE radstefnunni 1984 fyrsta kynning Van der Meer
og jafnframt kynnir Baird grein um bermugarda

* Van der Meer gerir tilraunir med ,,dynamic stable”
bermugarda, H,=3,8 til 6, einn grjotflokkur
* Workshop i Ottawa 1987 og evropsk rannsoknarverkefni

— Dynamic stable, berman byggd med einum grjotflokki
— Formbreyting, ,,reshaping®, a bermunni var leyfd

 En pad voru ekki byggdir margir gardar
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Upprunalegi bermugardurinn Islenski bermugardurinn
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Brimvarnargardurinn Bakkafirdi

e Byggdur 1983-1984 upphaflega ur mjog lélegu grjoti

e burfti ad fara vel med stora grjotio
* Flokkad i nokkra steerdarflokka
* Honnunaralda H.=4,8 m, Tp=12 S

* Grjot Il Hy=2,7 og grjot lll H,=3,4 E—
* Formbreytingar komu fljétlega fram N QUARRYRUN

 Smavaegileg vidgerd 1993

* Oktéber 1995 honnunarstormurinn
* Rofid nddi upp i efsta hluta gards

e Vidgerd med grjoti fra Vopnafirdi

* Grjot med stodugleikatdlu Hy=2,1

8 Préoun islenska bermugardsins
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Honnun bermugards fyrir Keilisnes —1992-1993

BREAKWATER TRUNC
" _ ~ Typical breokwater trunk section
n B .8, we 24 ne 4 B Section at station 340
Scale 1500
+80
2 Theoretical profile
00
L0 se=—se—nm— 17
13 +05
\
140 ¥\.ltﬂ:er Levels
3 VT 1 - 3 tonne stones ‘.
Theoretical profte
=i == Bulldt profile
0T —ee— after run 78
————— After run 96
- After run 108 -
-30 = —-—-= After run 121
— After run 153
—After run 193
OVERTOPPING, @mean --After run 224
t } t t t
-1.00 .. —20 0 20 40 60 80
-2.00
LEGEND:
’“m Rv2% = Runup above waler level
» -300 with < 2% probability of
A o exceedamce.
% 40 z Rc =  Crest freeboard.
B ~ ] |
-
= / W Hs = Signigicant wave height.
i
-5.00 -
(I Q = Mean overtopping discharge.
\)(’ LR
Cl L L]
400 £
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Bermugardurin a Dalvik — 1994-1995

* Honnunaralda H,=2,5m, T,=8s
* Grjot Il Hy=1,5 og grjot lll Hy=2,2
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Heildarpykkt a grjotkapu i stad bermubreiddar

* Bolungarvik 1993 Akarnes 1991

il

islen Figure 4. The parameters proposed for description of berm thickness. 11
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Bermugardar hafa préast i tvaer attir

*Formbreytilegir bermugardar - Formstoodugir bermugarodar

—Einn eda tveir grjotflokkar - Nokkrir grjotflokkar
—Einsleit berma - Berma ur steerdarflokkudu grjoti
—Vidur steerdarflokkur - brongur steerdarflokkur
—Litid holrymi og litil gleypni - Mikid holrymi og mikil gleypni
—Formbreytilegur - Formstodugur
—Mikil formbreyting . Litil formbreyting:

- Leggur gards <2*D .,

- Endigards <3* D,
—Efnismiklir gardar - Efnislitlir gardar
- Moguleiki a betri nytingu namu

1 J &




’//é‘//;' ﬁ Van der Meer Consultihg B.V. m

VEGAGERDIN IceBreak Consulting Engineers

nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn

Storu bermugardarnir upp ur aldamotunum

* Sirevag, N 2000-2001 H,=7,0 m 20-30 tonn
* Husavik 2001-2002 H,=6,8 m 16-30 tonn
* Grindaik 2001-2002 H,=5,1m 15-30 tonn

* Hammerfest, N 2002-2003 H.=7,5m 20-35 tonn
* Vopnafjorour 2003-2004 H.=5,0m 8-28 tonn
* borldkshéfn  2004-2005 H.=5,5m 8-25tonn
* Landeyjah6fn 2008-2010 H.=6,1 m 12-30 tonn
* Helguvik, pverg.2008-2010 H.=5,0 m 15-25 tonn

(7
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Sirevag bermugardurinn i Noregi — 2000-2001

+10,0
1 0|H 13
SEA +5.5 - ' HARBOUR
- Il .0
| W, I 2,0
_____________________________________________ 20 _
1l IV 1.0 1.3
VI VN[0

ot
-12.0/ 1 /
124

A%

e | < SAND BOTTOM

Honnunaralda H;=7.0m, T )=14.2 s

Stone W iin = W max Expected
classes (tonnes) quarry yield
I 20 - 30 6%
I 10 - 20 10%
1] 4 -10 14%
\Y; 1-4 20%
s14 bréun islenska bermugardsins
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Sirevag bermugardurinn i Noregi

Honnunarforsendur:
Recession=Rec

Byggdur sem formstodugur bermugardur -
Hannadur fyrir 100-ara 6lduhaed, H.=7,0 m S __
— Rof & bermu 3 gardi minna en 2*D | i

— Rof 4 bermu a haus minna en 3*D .,

A a6 standast 1000- ara olduhae6 Hs 7,7 m, an “total damage”
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Sirevag — alag a gardinn fra byggingu

* Honnunaralda, 100 ara e.k.t. H=7,0 m

.. 1000 ara e.k.t. H=7,7 m
* Januar 2002 — H, > 6,8 til 7,5m i 3 klst
.. H ey = 7,9 m i 30 min

* Januar 2003 -H,=6,2m

* Januar 2005 — H, upp undir 7,7 m —
stormurinn ,Inga“

* Jandar2015-H,=7,0m

 Eftir byggingu for fljotlega ad bera a
umformun, sem jokst med hverjum
storminum, fram til 2015 innan
honnunarforsenda

e Sumarid 2016 var baett grjoti i enda gards

17 Proun islenska bermugardsi
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Hammerfest bermugardur — 2002-2003

——10.0— 281 =—8 0—+=5_7=—+6.0-

+12,0

LNG PLANT AREA

5+28m
Hom
-11_2_,0 Il Vv
A
10 |ﬁ EXISTING SEABES
Stone Wmin-Wmax Expected
class (tonnes) quarry yield
I 20-35 3.5%
[ 10-20 4.5%
1 4-10 6.5%
IV 1.5-4 7.5%

V 0.3-1 9.0%
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Hammerfest bermugardur
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THIN SANDLAYER ON TILLITE

Stone  WmnWmax  Expected | ST S
class (tonnes) quarry yield | - = -

I 16 -30 5%
] 10-16 5%
1] 4-10 9%
v 1-4 14%
Vv 03-1 12%

|

20 bProun islenska berm



%Z’ ﬁ Van der Meer Consultihg BV ﬁm

VEGAGERDIN IceBreak Consulting Engineers

Coastal and Harbour Engineering Consultancy

Husavik Bokugardur stormurinn 25. oktéber 2008

Préoun islenska bermugardsins
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Grindavik bermugardar — 2001-2002

* Design wave height H,=5.1 m

1.3 | |

1.0

m -
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Brimvarnargardar Landeyjahdfn — 2008-2010
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COASTAL ENGIN NG CONSULTANCY & RESEARCH

Erlent samstarf um rannsoknir a bermgoéroum

INTERNATIONAL NAVIGATION
ASSOCIATION

ASSOCIATION INFERNATIONALE
DE NAVIGATION

State-of-the-Art of Designing
and Constructing Berm Breakwaters

INTERNATIONAL NAVIGATION ASSOCIATION

24

3
TUDelft Witteveen e

Delft Uni

versity of Technology

Faculty of Civil Engineering and Geosciences

Department of Hydraulic Engineering

Stability of Icelandic type Berm Breakwaters

Préun islenska ber

Pétur Ingi Sveinbjornsson

MSc Thesis
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Samstarf vid van der Meer um islenska bermugardinn

* Nidurstddur likantilrauna vids vegar fra — Rec sem fall af H,T,

35
s : R
30 : E : 0 ' ) Z t ;
W iR Ry e st
25 as)-- Area of . '
o E : :
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5

Rec/D, ., = 0.037 (H_ T — S.)'# [ e :
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Oakajee verkefnid i Vestur Astraliu 2008-2011

Cyclonic Waves

Direc | 225- | 240- | 255- | 270- | 285-
tion 240 255 270 285

Hs 40 | 44 | 43 | 55

(m)

TP 72 | 84 | 83 | 107 | 111
s)

WA\

/ i
indin )
Indian )

\ Non Cyclonic Waves

/ Z

{ l?irec 225- 240- | 255- 270- | 285-

tion 240 255 270 285

AUSTRALIA

! Hs 51 | 46 | 43 | 44
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Oakajee — likantilraunir hja HR Wallingford 2010

—FPreotest
1 year event
10 year event
— 50 year event

100 year event
——————100 ysar event LW

Placement sequence of
primary armourstone
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Hambantota tilbuin eyja, Sri Lanka — 2013-2014

—i 5.0 1 21.0 i 15.0—+6.0-~—10.0—

+10.0
v

LANDFILL

+0.0m CD

STONE CLASSES
I 5.0<W=<10.0t
I 1.0<W=< 50t
Io0.3<W=< 1.0t
IV QUARRY RUN 1-1000 kg
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Hambantota brimvorn — likantilraunir Tianjing, Kina 2013

16
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Undirbuningur fyrir bok - radstefnugreinar — 2012-2017

* New classification of berm breakwaters
— Sigurdarson and Van der Meer, 2012, Proc. 33rd Int. Conf. Coastal Engineering

e Recession, wave overtopping and reflection
— Sigurdarson and Van der Meer, 2013, Proc. Coasts, Marine Structures and Breakwaters

* Geometrical design of the cross-section
— Van der Meer and Sigurdarson, 2014, Proc. 34th Int. Conf. Coastal Engineering

* Application of geometrical design rules
— Sigurdarson et al., 2014, Proc. 34th Int. Conf. Coastal Engineering

* Quarries and rock grading
— Sigurdarson and Van der Meer, 2015, Proc. Conf. Coastal Structures

* Designing berm breakwaters for different wave heights and different quarry
yield
— Sigurdarson and Van der Meer, 2016, Proc. 35th Int. Conf. Coastal Engineering

 Armourstone for Berm Breakwaters
— Sigurdarson and Van der Meer, 2017, Proc. Coasts, Marine Structures aters

30 Préoun islenska bermugardsins ’ 30
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Nyutkomin bok um bermugarda — 2016
Honnunarleidbeiningar fyrir bermugarda

VEGAGERPIN

e . Advanced Series on Ocean Engineering — Volume 40

R DESIGN AND

CONSTRUCTION OF

BERMBRETERS CONSTRUCTION OF
-~ BERM BREAKWATERS

by

Jentsje van der Meer
Van der Meer Consulting BV,

$ der Meer
s’;“::;:“;g“:darm The Netherlands & UNESCO-IHE, The Netherlands

SHALVMM VIR G WaHd A0
NOILOMULSNOD ANV NOISHA

" b o s Sigurdur Sigurdarson
4 IceBreak Consulting Engineers ehf, Iceland

Transition level between

classes land Il

7.
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Samstarfsmenn

* HOnnun og bygging brimvarnargarda er hépvinna sem margir koma ad:
— Gisli Viggdsson, kom med bermugardinn til islands
— Omar Bjarki Smarason, sa um grjétnamsrannsdknir i draradir
— Sigtryggur Benediktsson, Kristjan Helgason, Johannes Sverrisson umsjon med
byggingu grjotgarda
— Sigurdur Ass Grétarsson, hdnnunarryni
— Gestur Gunnarsson, likantilraunir af fyrstu bermugoéréunum
— Verktakar, Asgeir Loftsson, istak/LNS Saga/Munck
— Sudurverk, Raektunarsambandio,
— Teekjamenn, Kristinn hja Suduverki, listamadur i rodun a grjoti
— Sprengimeistara
— Hafnarstjorar

7.
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Takk fyrir aheyrnina

Van der Meer Consulting B.V. m




