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EUSTASY AND SUBSIDENCE OF VENICE
FROM 1908

VMean sealevel

inlyear 1908, mml

G137
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MOST IMPORTANT HIGH TIDE EVENTS

Highest tides recorded

January 2003 1.10
November 2002 1.47
November 2000 1.44
Dicember 1992 1.42
February 1986 1.59
December 1979 1.66
February 1979 1.40
November 1968 1.44
November 1966 1.94
October 1960 1.45
November 1951 1.51

Highest tides recorded, meters

G137
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VENICE: AREAS FLOODED DURING HIGH TIDES
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SAFEGUARDING THE VENICE
LAGOON AGAINST HIGH TIDES

ANTIFLOOD BARRIERS
AT THREE INLETS

#' Mobile barrier
2 Breakwater,

B Refuge haven
% Navigation/lock

MALAMOCCO INLET
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MOSE SAFECUARDING VENICE FROM HIGH TIDES:
[ svstem Barricrs GLOBAL INTERVENTION SYSTEM
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A8 A B MALAMOCCO INLET
LV BARRIER
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CHIOGGIA INLET
BARRIER

Refuge harbour N

Rewamped North \
entrance jetty N

| r——
\

\
\\ Chinggiaf ‘ Navigation lock - / 0 200 m

N barrier
Rewamped South
entrance jetty

(Ve = ‘"‘x\
& %S | \
LAGOON P \\ New breakwa'ter
by il (under construction)
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MALAMOCCO BARRIER:
STANDARD CAISSON EMBODYING THE GATE

Sea Level

Caisson

Flood gate
Ballast (water)
Ballast (concrete)

Plant and access
tunnels

Sheet pile

Settlement reducing
piles

S S8
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THE MOSE SYSTEM: GENERAL FEATURES

MOBILE OSCILLATING BOUNCY FOLD AWAY
FLAP GATES :

Lido - Treporti inlet: 21 gates
Lido - San Nicolo Inlet: 20 gates
Malamocco inlet: 19 gates
Chioggia inlet: 18 gates

COMPLEMENTARY INTERVENTIONS:

Breakwaters at the front of each inlet, sea-side
Refuge havens and navigation locks

Raise of banks and public walkways

Morphological intervention on selected lagoon areas

G137
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SAFEGUARDING VENICE FROM FLOODS
BODIES INVOLVED
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MALAMOCCO INLET - SCHEMATIC DEPOSITIONAL HISTORY

G-137

DEPOSITIONAL B ; Al
- effoni and Caiellf (1997
=P ENVIRONMENT o8]
4 Marine, “Coarse grained’,
. shallow sea g shallow sea deposits
o /719 000y, BP* “Fine grained’ lacustrine and
— swamp deposits, covered by a

TR Continental, layer of dessiccated silty Clay,

¥ oo~ 2lluvialplane, (Caranto)
: = = marshy
S 540 D deposits E “Coarse andiine grained:
% “F W alluvial deposits
E 26, - | m40000y, BP* uzJ - y w
- =N fine graihed”coastal plane

‘5:5_ 32 5,,:3?;:’ i‘}_.a’ 8 alluvial deposits
@ alternated ~
Q 95 with ] “Coarse grained’” coastal plane

40, continental E 3" alluvial deposits

oc

44 “Fine grained” coastal plane

48 m 44 000 y, BP* and shallow sea deposits

52 h, c‘;‘:ﬁﬂe’:t?’ “Caranto” - end of

' st Pleistocene deposition
56 _ . with marine,
o B S"Mowsea (*) Radio Carbon C,,

TA-39



SITE INVESTIGATION FOR FINAL DESIGN
(2001 to 2004)

BH CPTU DMT SPT-BH

Nie8; depth 4010 720 m nidid8) depth 3010 1200n.  ntdd, depth 50 m  h5158, depth 4016:50:m

BH — Geotechnical borings; undisturbed sampling, SPTs, FVT’s
CPITU > Static Cone Penetration Test with pore presstire measurement
DT L~ Marchetti’s Flat Dilatometer Test

SPT-BH | Standard Penetration Test, carried out in dedicated 3” 0.0, holes

Unaisturoed samples retrieved by means of Osterberg Fiston Sampier 96 mm O.D.

3 CH tests carried ouf, each employing three 80 deep-holes

Rod energy meastred in one of SPT-BH, ER =63 %

G137 TAI-19



LIDO INLET - SAN NICOLO’ BARRIER - SUBSOIL CONDITIONS

BH
BH BH BH BH CPTU | CPTU

| | | | | O Mpa | g, Mpoa
South abutment North abutment 0 8 16 24 32 0 8 16 24 32

O.QFO mst 2  HEETTTR A

10 " ‘Sea bottom

o)
S

g
S

Elevation, m below msl
0 A
L &

60
70 | S I

0 50 100 150 200 m W B Very stiff silty clay e B Peat
-80

W A Fine silty sand B © Finelocallysitysand M @ Fine locally silty sand
BEE @ Soft clayey silt with sand lenses B @ Clayey silt and sandy silt k== € Clayey and sandy silt
e, TAI2




MALAMOCCO BARRIER - SUBSOIL CONDITIONS

G-157

=10
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a0

Elevation, m below ms

=60

=70

BH BH BH BH BH BH
| CPTU, BH | | CPTU | CRPTU |

I:]_,_ Mpa | q: Mpa | e Mpa
g 0 20 30 440 O@mﬂ; LER LR R TR r_-:i 10 7l

—_——

Sea bottom

gol 0 50 100 160 200 m B B Very stiff silty clay e ® Peat

Nl A Fine silty sand B @€ Fine locally silty sand P E Fine locally silty sand
BEE B Soft clayey silt with sand lenses T @) Clayey silt and sandy silt mmass € Clayey and sandy silt
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CHIOGGIA INLET BARRIER - SUBSOIL CONDITIONS

BH CPTU I CPTU EH CPTU BH CPTU BH, CPTU BH

0. .Mpa | Q. .Mpa |
GRS 24 320 _HEE 168

‘.

| | q..Mpa | 0. .Mpa [ | Q. .Mpa |
] HRTG 24 JMS) 4 16 24 32 ﬂ'@ er; (] 8 1624 32

)
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-50
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=70

0 o0 100 150

B € Fine locally silty sand
.80

el A Fine silty sand W @ Clayey silt and sandy silt B € Fine locally silty sand
MM B Softclayey silt with sand lenses e ) Peat wu=s E Clayey and sandy silt
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LIDO TRIAL EMBANKMENT
SOIL GRADING VARIATION WITH DEPTH

Grading D g, mm Us Ricceri
0 20 40 60 80 100% 0,001 0.1 10 0.007 0.1 10 i
0 0 . 0 . | et al.
(2004)
5 5
10 10
15 15
200 20 | 28
S £ 25 £ 25 - '
= = = |
T & 30 S 30 - !-
Q &) 0 |
35 35 - !
40 40 |
45 45 2
50 50 :
55 55 |
60 60

G187 TAI37



LAGOON DEPOSITS
EXAMPLES OF HETEROGENEITY AT SMALL SCALE

16,5 to 17.1 18,0 t0 18,6 [E’| 45.0 to 45.6
4 E ! Siity:sand s Organic clay - Silty clay
« 3 with siit:seems =
S\Ns | - |ISandysilt = Sty claywith x
S peat/enses S| = Silty.claywith
= _ - | \Sandy/seernis
= - 5
Z @rganic:silty:sand 5
0. ; e
2 withi'shiellsifragments: Clayey silt ==
D e
= Organic silt = r=eat

PRONOUNCED VARIABILITY OF INDEX AND MECHANICAL SOIL
PROPERTIES IN BOTH VERTICAL AND HORIZONTAL DIRECTION

G137 TAI-38



MALAMOCCO INLET

CROSS-HOLE TEST RESULTS

FLEELEED

G137

=ine sty sand.

Soft clayey sitwithi'sand lenses
Very: stifrsilty clay

Fine locally silty sand

Clayey silt and sandy silt

Peat

Fine locally silty sand

Clayey and sandy silt

Clayey silt and sandy silt

Elevation below m.s.L.

. meters

Soil
profile

-10.

Shear wave velocity

E 17 U
-20.
-25.
s HERIEEE
.35,
10,
-45.
=50,
-H5
-60.
-65L
-70.
74+ 1) [N (IS ) R S

-80

Compression wave velocity

-30_

-35.

-40°

45

=508

-55.

-6l

-65_

-F0_

-ra_

e e I e e S = AR

[
=

r@:baﬁ&mne-‘mnf_ﬂr{g’ng-n@fhan&

:
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MALAMOCCO INLET
POROSITY FROM SEISMIC AND LABORATORY TESTS

Porosity, n
00 02 04 06 08 1.0

0 i [ ]
. | [ Cross Hole Lancellotita (2001 ), ot et al. (2002)
2 Malamocco _ —05

20 YN infet 2 (9 =95
S AT IR Ps = | Ps — 1
-a'* 30 :’i" K ' V2_2 —Vs V2
S “ [ ? 1—2v 5
g 40 o - | o | _ 5 %
| M 4% E 2(ps—pr)
= o =
2160 | "g . Connected porosity.
% 70 e
W s ps = Ssoil particles ] mass

60 £ | pr = pore fiuid aensity

90l | - Sanjpuigd | K, = bulk modulus of pore fluid

PR ©vcastes v, = Poisson ratio of soil skeleton

100
E=137 TAI-69




CHIOGGIA INLET
POROSITY FROM SEISMIC AND LABORATORY TESTS

Lancellotita (2001 ), ot et al. (2002)

Porosity, n
00 02 04 06 08 1.0
0 | |
* =1 [Vs(HV)] }
. =f[V(HH)] Computed
® Measured
10 .
L
E .‘ L 4]
‘ﬁ 20 '_’“ '-}'
= ,,.:
g .l‘.rl.
o e®
230 2P
L
5 ¥
@ 2
= 40| 1 aw
O i
L] . -
2 ge Cross Hole
I Chioggia
50 | inlet
G-137

- —0)5
e g (ps — P ) Kf
Ps = Ps
v2_of 1=V iz
i 1-2v, ) °
2(ps —pr)
Connected porosity.
Ps = SOl paricles mass
pr = pore fltid density
K¢ = bulk moduius of pore fluid
v. = Poisson ratio of soil skeleton

TA-52



Depth 20.2 m”* Depth 43.8 m*

Clayey Silt, e, = 0.885, v, = 18.93 kN/m® Silty Clay, e;= 0.715, v,= 19.66 kIN/m”’
Sand: 3%, Silt: 62%, Clay: 35% _ Sand: 5%, Silt: 48%, Clay: 47%
W,=34.8% ; LL =42.0% ; Pl = 23.0% W= 27.8% ; LL = 50.0% ; Pl = 23.1%

f 10 100 1000 10000 1 10 100 1000 10000
Vertical effective stress, o, kPa Vertical effective stress, ¢, kPa

(*) Depth below sea bottom at -10.0 m below m.s.l.

G137 TAI-36



Treporti
Experimental Site:
Trial Embankment

| VENETIAN LAGOON:
LOCATION OF

S Chioggia inlet T RIAL EMBANKMENT



TRIAL EMBANKMENT

During
construction

e

-
/:/’f{

Reinforced
earth wall

Completed >

G137



TRIAL EMBANKMENT: MONITORING INSTRUMENTATION
Ricceri ef al. (2004)

Embankment

Instruments focation f

GFPS station

® [Deep seitfement plates

Y| Slaing aefenneers
InGlinemelers

W Benchimants

A SUrace seltiement plates

@ /opographic sunwey

NOTE:

Have been also installed.

79 vibraling wire piezometers
20 Casagrande’s piezometers
5 lotal stress cells

G137 TAI-18




CENTER OF TRIAL EMBANKMENT: TIME-SETTLEMENT CURVE

Embankment

Settlement, mm

Ricceri et al. (2004)

6.7
E 6 -
D 2 BRI !
2 0 i | | | | | | | | i o
0) $10) 100 150 200 250 300 350 400 450 500 550
Time in days
Oy L | I | Iy | | |
40 [ Topographic survey |y | 2510 15 20m i
80 2\ (SP-40) . o L
0 i) ———— Sliding deformeter ® P S
40 n°3 (SD3)* V7% N 1
160 GPS survey /4 ‘;\ |
- I / SD3 = 1@}_& 2 l"ll |
200 S i e I
i ororio JE \ oo =GPsy i
-~ Station ORE \. SP-4 ) |
290 &l 2 \x\ SP0 Station
320 - -0 | N\ . 1
360 SP-40 R\Y S - |
400 -
4 (*) 3.3 m from embankment center o e —— '
480 | I I | I M ———
F 8 A ad 7 F E e aE E g
<~ s 58 s F 8 & & K BT



»U = AJr _.@,Jj
‘:“J sl B == .0 _5-3." -

Ricceri et al. (2004)

construction
140803

lement, mm

bR e L

Setl



T IAL EMBA MENT:
K ANDE’s PIEZOMETERS

Ricceri
et al.
{ _2'00..4)_

: 300 350 400 ) 500 550
TJime in days

P-1, depth 5m*
— P-2, depth 13m*
—— P-3, depth 17m*

P-4, depth 22m™*




cding Detormeter n 5 — Riccett et af. (2004

Local displacement, mm/m Settlement, mm
0 8 16 24 32 40 48 56 0 100 200 300 400 500

0_5 10 15 20m

— 20-12-02 |I
— 28-02-03
31-03-04 |

| LOCAL DISPLACEMENTS
| TOTAL DISPLAGEMENTS

G137 TP




et al. (2004)

o, = vertical yield stress

¥
I--'-..T.-‘:-l-. L
o
Q o Wt '
. 5 y =
plat oy —
o >
. . <
® ; =~
el Aty -t
<.l 4
T 201 ¢ =
= 0.8 5 S
X s 3 =2
= = £ ; -
< =30 n
E }:; i
L a)
- i )
- <
-
i

90 100

Vertical effective stresé . kPa ¢ OCR from in situ measurements*
] 7O,

» OCR from oedometer tests

(*) From sliding deformeter n® 3
under center of the embankment



RECOMPRESSION RATIO and

SECONDARY COMPRESSION COEFFICIENT
IN SITU vs. LABORATORY

C{IE =
d(log, t)

s RR. (lab) C.. (in situ)
RR. (in sitl) G, (lab)
SVl and 'SP 2:0 1040 0.74 10 0.95
Vi and GL 4.0to 5.0 1:92 1o 1.56
= dg” , (f Recompression ratio
d(log,, a', )
dg"" < Secondary compression coefficient

(*) Unified Soil Classification System ASTM 2467

E=137

TAI-57



PRIMARY AND SECONDARY COMPRESSIBILITY
MEASURED IN SITU

Ricceri et al. (2004)

0.1 |
® ' Data from SD-3 | de
o= '
(logip61)
0X07 CoEicIent OF prinarny. compress/on
]
=
O
0,001 of=
according to e = d(log., t)
Mesri(1987)ifor 90
Venetian L.agoon — :
| deposits| Coefficient of secondary compression
0.0001 =
0.001 0.01 0.1 1
C

E=137 TA53
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MALAMOCCO BARRIER

SIMPLIFIED SITE CHARACTERIZATION

-27.2 Foundation level®

Layer vkN/m’> Vv Gy bar ¢,
D 18.7 0.30 911 32°
E 19.1 0.30 985 S
= 16.6 0.35 476 28°

DN Clayey silt and sandy, silt

Fine locally silty sand

ES Clayey and sandy silt

(*) Original sea bed at elev. -14.0 to -16.0 below msl/
Unloading due to dredging 95 <o, < 112 kPa

(**) From CHT, atp’= 1 bar

TAI-68
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Plan view >

MALAMOCCO

BARRIER

t ~¥South abutement

Abutment caisson
: : ! Earth pressure
Abutment caisson Caissons embodying retaining caisson
+3.005 Hieaies 0t / +3.00

el O

L

LL!U]JJIllel

ARARNRRAARARERESEAE
L _. l"--‘f =

1T

LI,

00 DI—

North abu temenf _

|
1l

G-137

<Schematic cross-section

TAS0



FLOODGATES: OPERATIONAL SCHEME

Gale quiescent
(infet open)

=
ﬂ[]_ﬂll-:: .

1] ﬂ i

E=137 TAI i)




FLOODGATES: OPERATIONAL SCHEME

Gate ralses
(tide fevel
>1.10m a msi)

mP /7mi5510n OF alf:
== Cx01/si00 of water

E=137 TAIFGD



FLOODGATES: OPERATIONAL SCHEME

Gate in operation
(infet closed)

F

!
DDDDDE:: -
T B f ‘ ‘ T i II"l'_ =

|

L | |
G-137 TAI-61




MALANMOCCO BARRIER - PREPARATION OF CAISSONS FOUNDATION
CONSTRUCTION SEQUENCE (1)

Lagoon——

UJE“ —— E;r;:-%g;ni t;:r Iefeu

Placement of granular fill
Sheet pile driving

Trench dredging to eleyv.
-27.2 b.m.s.I.

Piles drivifig

A & B IO

Placement of granular fill
between sheet piles

G-137 TA~48



MALANMOCCO BARRIER - PREPARATION OF CAISSONS FOUNDATION
CONSTRUCTION SEQUENCE (2

® 9 9 95

Caisson placement on
four temporary. plinths

Levelling the caisson by
means or hydraulic Jacks

Caisson's balasting

Levelling the caisson by,
means or hydraulic Jacks

Grouting the space between
caisson’s bottorm & and
granular fill ©

TA49



MALAMOCCO BARRIER - SEA BED PROTECTION

CLASS e iont, kN
A 10 to 30
| 3to 10
o O 0.6 to 3

CROSS SECTION

. 2.0m ClassAorBorC
Intermediatellayer; 4 5m 0110 0.6 kN
- T i

ARSI ASERRRENRIA, 50<d< 150 mm

———————————

] iy
ALLSRESCO

G-137 TAIL47



Plan view > - |

S W

MALAMOCCO BARRIER :‘
NORTH ABUTMENT
Abutment caisson Earth pressure i | ( Caissons embodying
relief retaining ) i ~ the| ga tes
Caissons embodying caisson =

the gates :
J 240 iy 1 Abutment caisson
—27 2 — 2 Earth relief caisson

fill :
3 Lateral caisson

4 Wing caisson

< Cross-section

G187 TAL5



.
Caissons embodying the mobile gates

Tolerable differential movements
-

:_J.-”f

/ Reduction of horizontal distance between gates
/ emboaled in two aajacent calssons, = 140 mm:

o Slope of Crane’s ralls, = 1%

or “GINA" jont betweer two

¥ overmeni causing aecompression
Ajjacent calssons, =230mm™

Above values include both
differential caissons settiements
and consftruction's imperfection
|

®  Most imporiant: g~ . .
. . () RUbbel joint o lardge aifnensions,
horizontal distance allowable value0mm

between two adjacent gates™ (=) Design value, o080 2001
(S5 TA[42




MALAMOCCO BARRIER ON SETTLEMENT REDUCING PILES™
COMPUTED DISPLACEMENTS"~

SEA LAGOON SEA LAGOON
s, =44.0 mm s, =41.5mm s, =36.9mm s, =45.0 mm

8, = 22.6 mim

GATE CLOSED, CRANE IN OPERATION
GATE OPEN, WAVES ACTION

» i
60 “ Q 60 Sy
o == 0 0y =

By - Range of ﬂn}badmg , % E - Range of unl :a_rfax__rng g

100 dueito dredging) S 100  duetoidredglng: |3

120 120 %=

(L =19m fong - () FE-2D elastoplastic analyses using PLAXIS code
G-137 TAI-46



e
BARRIERS FOUNDATIONS

/

* Except abutments’ caissons,
compensated foundations (g <G | )

» Design guided by settiements consideration

o

¢ Settlements induced by reclamation fills, hence
importance of construction sequence

* Need to predict long term
settilements, creep, waves,
high tides action, .......

*» Importance of preliminary trial
fields to optimize construction
techniqgues

G737 o TA/-63



——
CAISSONS FOUNDATIONS: TRIAL FIELD

/

* 17 JET GROUTED COLUMNS

Installed using mono-fitid, two-fitid and three-fitid method,
10=L=38m, T=D=71.4dm ; 1714 installed onshore and 3 offshore®

7

13 INSTRUMENTED END-CLOSED

DRIVEN STEEL TUBULAR PILES*
D =0406m, t= 1omm, L = 18m,
except one having L = 42m

«» 13 R.C. PREFABRICATED
TAPERED PILES*
D, =0.33m,D,, =042m L=18m

To be used
as settiement
reducing
piles

(Y) Installed offshore, sea botiom
at—17.3.9 m b. s

(=5 T : TALED



ON-SHORE JETGROUTING TRIAL FIELD

Quality control activities

8l Specific energy used. o carry out
EacH comn

S Volume ofiimjected furd (water;
cement mix)

S Outfiow volume

8 Deviation from vertical

S Column diameter (mechanical
calyper, selsmic tormography,)

@rﬂw ; ® Continuous coring (continuity of
! cementation, strengih)

(*) With pre-washing

Columns JG8 and JG11 will be extracted from the ground
G=137 TAI-54



ESTIMATE OF
JETGROUTED
COLUNMNS
DIAMETER
USING
MECHANICAL
CALYPER

G-137 TAI-56



OFF-SHORE TRIAL FIELD: PLAN VIEW

13 precast instrumented

R.C. tapered piles
Dmm=0.33m; Dmax=o.42m; L =18m

| PrecastR.C.

piie mstalled in

pre-bored hole

13 instrumented,

closed end steel piles
D = 0.406n; t = 16mm ; L = 18m

Larsen sheet pile [ =75m

(*) Original sea bed at—7.0 b. msl

G137

3 Jetgrouted columns
12=D=14m, L =19m

TAI55)
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Cone resistance  Penelration pore pressure, 55
q., MPa u,, MPa :
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— Lecture Outline

/lntroductory remarks

ﬁro tection from high tides

Historical background

Selected solution

Lagoon subsoil

roundation proplems

Closing remarks
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Closing Remarks

Challenging project imposing multidisciplinary approach:

A& Different branches of engineering, e.g..
echanical, Structural, Hydraulic, Geotechnical,
/ Harbour, Earthguake,..... ...

/

w A vanety or experis in Geology, ed..
Geomorphology, Sedimentology,
Paleoniology, Neolecionics, . . ...

W Envirenmentalists, So/ogists,
/ Z00I0gIsls, .. ...

Y EXpens on Presenvaiion
ana xesioration of menuments
ana Archeoiogists

G-137 _ TAI-41



Closing Remarks e
Geotechnical site charactenzatton

/.;?“’/C/omp!ex gepositional environment hence

f pronounced spatial heterogeneity.

Predomfnate sandy sifts with alternation of siity sands
/ and clayey silts

9 Gradation ana helerogenelty maxe Unaisttirbed sampling
aifficult, ampernng laboraiory (esis relevance

W 5ign relevance of I sitt) tesiing
(S, CEEY, DIV ana especiaity
geophysical tests, gestecnnically
onented (CHIT, S-CERIU, S-DiT)

O =arament impenancejor desigh o
iarge scale, Instrmenied
embanrnent cariea out by,
University of Padove
(Ricceriet al. |, 2004) G137 TAILED
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PROJECT IN PROGRESS

Closing Remarks

/" Many complementary interventions

accomplished, e.qg.:
/ Arrest of environmental deterioration
// Raising level of insulae and embankments

Coast line reinforced
/ Jetties reconstruction
* Malamocco and Chioggia breakwater:
under construction

* Final design of barriers:

THREE BARRIERS
under way, expected

completition: second half FA CT_ FILE: -
year 2006 8 Expested me of compietiion, 20117

s Estimated costs 6.5 to 7.0 billions US$

» Consirtciion assigned o a2 General
Contractors’ Consortium

* Prefabrication of barriers

calsSsons:
fo be started in autumn 2005

(=5 T Fasi Ry Iy JA-O4




Closing Remarks /f”"“
CHALLENGE FOR GEOTECHNICAL ENGINEERS

/

* PREDICTION OF LONG TERM
SETTLEMENTS OWING TO:

Viscous deformation of foundation sofls

Accumuiation of deformation (Ratcheting)
catsed by waves and high tides

Influence of adjacent reciamation 1ils

« HIGH VERTICAL AND HORIZONTAL
LOADS ON ABUTNMENTS CAISSONS

/' COMPLEX CONSTRUCTION SEQUENCE
» ISSUES RELATED TO QUALITY
\ CONTROL AND ASSURANCE
DURING CONSTRUCTION |
(=5 T _ oy i A



HYDRAULIC
MODEL OF

FLOOD GATES ~
(Scale 1:10)

G-137 TAI-07



VENICE: THE “SINKING” CITY

Sihce early 1900 floods due
to fiigh tides have been
Increasing /n frequency and
Intensity

Mean sea level
in 1908, mm

Anthreplc and natural
drop In land elevalion:
Stbsidence

-100

Rise of sea produced
by greenhouse effect:

Eusiasy

-120

-140
-160

100
80
60

oo
40 il
g0 il

i Eustasy

20

soll
100 B
A 2o

el 140
40 '

-60
-80

160 il
180 W
200
220

Anthropic
subsidence

240
260 i

Difference between ground and sea level, mm

1900 1970 1920 1930 1940 1950 1960 1970 1980 1990 Year

G137
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— Lecture Outline

/lntroductory remarks

ﬁro tection from high tides

Historical background

Selected solution
Lagoon subsoil
roundation proplems

CGlosing remarks
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TRIAL EMBANKMENT: SURFACE SETTLEMENTS
High precision topographical survey Riccerietal (2004)

6.7

G137

Embankment
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height, m
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