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Table 9.1: Design Working-Lives (Service Lives) h

DESIGN WORKING-LIVES (SERVICE LIVES) DEFINED IN ROM 0.2-90 AS
"MIMIMUM DESIGN LIVES™ FOR WORKS OR STRUCTURES OF DEFINITIVE CHARACTER

GENBRAL USE INFRASTRUCTURE

General charactar works: not associmied with the use of an
industrial instatlation or of a mineral deposit,

SPECIFIC BNDUSTRIAL INFRASTRUCTIURE

Warks in the service of » particulur industrial instailation or
associated with the vse of tranzitory nstural deposits of
resources {e.g industy service port, loading platform for o
mineral deposit, petroleum extraction platform, ste),

LEBVEL 1

Works and instaliations of local or auxiliary interest. Small
risk of loss of buman life or snvironmentat damage i case of
failure, -

(Defence and coastal regeneration works, works in minor poris
or marinas, jocal outfalls, pavements, commercial inatalla-
tiony, buildings, &tc),

{IN YEARS)
TYPE OF WORK REQUIRED SECURITY LEVEL
. OR INSTALLATION LEVEL! LEVEL2 LEVEL3
GENERAL USE
INFRASTRUCTURE 3% 30 , J00
SPECIFIC INDUSTRIAL 15 25 50
[INFRASTRUCTURE
LEGEND NB: 1. The General Use period of 25 years corresponda with

Class 2 of draft Eurocode 1,

LEVEL2

Works and instaliations of general Interest,

Maderate rsk of foss of human life ot cavironmental dumage
in case of faiture, (Works in large ports, outfalis of large cities,
ele),

NB) t 1. The Genesal Use period of 50 years corresponds with
Class 3 of draft Eurocode 1.

LEVEL3

Works and instailations for protection against imindations or
international interast, Elevated risk of human loss er environ-
mental damage in case of failure.

(Defence of urban or industrisl centras, etc).

NB: 1. The General Use period of 100 years comresponds
with Clags 4 of dmft Eurocede 1.

*Defined a3 Design Working Lifs in draft Buzoceds 1.

Safetv class

Fery Low Safety Class, where failure implies no risk to
haman injury and very small enviromnental and sconom-
iC COnsequences.

Low Safzty Class, wheee failure implies no risk to human
injury and some environmental and economic conse-
quences.

Normal Safety Class, where [ailure implies risk of human
injury, significant environmental pollution or high eco-
nomic and political consequerces.

High Sufety Class, where failure implies risk of human

injury, significant environmental pollution or very high
economic and political conseguences.

Design limit states

As a mintmum the following two classes should be
included:

ULS Ultimate Limit State
Examples: foundation failure, failure of signifi-
cant part of caisson concrete structure

SLS Serviceability Limit State

Examples: Overtopping, settlement of founda-
tion soil

The acceptable maximum probabilities of failure must be
specified on the basis of a systemnatic cost-benefit investi-
gation for typical breakwaters and/or on the basis of what
is generaily accepted safety levels for breakwaters. The
values given in Table 10-1 are indicative estimates on rea-
sonable acceptable failure probabilides, which ensure
designs not far from existing practice.

Tabte 10-1: Indicative values of acceptable
(makimiim) probabilities of. failire: within
suructure lifetime " - ; |

4 RS

Lhmie | 7L

. State. 1 Very low
SLS' | .04, 0.05
Urs 0.2 0.01
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Box 3

Partial coefficients on all parameters were caleulated
for combinations of parameter values within defined
ranges. The calculations showed that partial coefficients
for many parameters were close to 1.0, For this reason
it was decided to adopt only two partial coefficients

¥z - reflectiig the uncertainty of the formula and related
resistance parameters

Yy.- reflecting the uncertainty of estimates of the main
load parameter, extreme significant wave height.

Formulae were developed io determine the partial
coefficients. Three different concepts of these formulae
have been evalusted and the following were chosen as
being aceeptable with respect to deviations from the
largest probability of failure.

Yy = 1- {k.-1nPy) {(Fqn. 7.1)
gt
, e kﬂpr]
H:‘Pf HS ks

The T FF O RN N (Egn. 7.2)
5

where :

T is required service life time, years [TLB

Ps is the target probability of failure in the
required service lifstime

Fgs is & model of uncertainty of Hg, measurement

ervors and short-term variebility (the statistical

uncerta.fnty on Hy is not included)

is the normalised standard deviation of Fy,. For

typical values see Table4.l

H'§ is the central estimate of significant wave
height, H,, which on average is exceeded once
in every T years

Hg is the central estimate of H, which on average
is exceeded once in 3 Tyears, 3times service
lifetime

EAI:;” is the central estimate of Hg corresponding to
an equivalent return period Tpy

Tpe is the refurn pemod corvesponding to a probabi-

lity Pp that I-I TPiwill he exceeded during the
service lifetime T. Tge can be calenlated from the
encounter probability formula Tpp= (1-(1-Pp¥Ty,
seeoBiguwraFdr Lalla

_ A
{)Er{ ('{“—{E}

T4 qos cedieshe ca T

PIANTE \Xﬁagt; "1;27;}%@

Values of ﬁg I:\I;‘" ﬁgTare all obtained from the

forecast extreme distributions of H,.

N is the number of H, data used for fitting the
extreme distributions.

ky ¥ k, aré coefficients which are determined by optimi-
sation, described below, for each fzilure meode.
Values for k, and k; aie given in Tables 7.3 to
7.6. k, approximates to 0.06 far al} failure modes
considered.

In Bquation 7.2 the first term gives the correct vy,
provided no statistical uncertainty and measurement

_ errors related to H are present.

- The middls term in Equation 7.2 signifies the meas-
vrement errors and the short-term variability related to
the wave data.

The last term in Equation 7.2 signifies the statistical
uncertainty of the estimated extreme distribution of H,.
The statistical uncertainty treated in this way depends on
the total -wumber of wave data, N, but not on the length
of the period of chservation. The 10 largest values of H,
over a 1b6-year period provide a much more reliable
estimate of the extreme distribution than the 10 largest
values of H; over 2 years. However, in the statistical
analysis it is assumed that the data samples are equally
representative  of the true distribution. In other words it
is assumed that the data, besides being non-correlated,
are sampled with a frequency and over a length of time
which ensures that periodic variations (e.g, seasonal) are
not biasing the sample. The'designer must be aware of
these restrictions and must make allowance for them.

If the extreme wave statistics are not based onm N
wave data, but for example on estimates of H, from
information about water level variations in shallow water,
then the last term in Bqn. 7.2 disappears and instead the
value chosen for O'py, must account for the inherent
uncertainty.
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Table 4.1 ; Typical vaeriation coefficients for sea state parameters.
Estimated
Parameters Methods of Determination Typical Values Comments
o' Bias
Wave height O'Frae
Significant wave height offshore | Accelerometer buoy, pressure 0.05-0.1 ~3
cell, vertical radar
Horizontal radar 0.15 ~0
Hindeast, num. models 0.1.0.2 0-0.1 Very dependent on quality
of weather maps
Hindcast, SMB method 0.15-0.2 ? Valid only for restricted
sea basins
Visual observations from ships 0.2 0.05
Significant wave height near- Numerical models 0.1-0.20 0.1 o' can be much larger in
shore determined from offshore some cases
significant wave height taking Manual calculations 0.15-0.35

into account typical shallow
water effects (refraction,
diffraction, shoaling)
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Table 7.3 - Main armour hydraulic stability

PIANGD N C&“ Ve 0%

5

28

s
Formuiz Tesign equation ¥y kg
1
Hudson, rock Y—ADHSO{KDcohu)UazyHSHE 0.036 | 151
k3
Van der Meer, rock
; 1 0.2 p0.18 5 0.25 py-0ut T
Plunging waves ~B25"P ADnsocota”sm N7 =y Hy 0.027{ B8
i
1 0.2 p- - -
Surging waves T-s°-~? 0N cotedS -PsTOSPNM oy BT f0.681| 38
H
Van der Meer
1 Mo
o -0.2 T
Totrapods ‘f_z (3.75m+0.85)5m AD, =y, HT 0.026| 38
T
cot @ = 1.5
Van der Meer
Lo N
° -0.1 T
Cubes Y—z(m o &1.0)31,, AD_ sy HE 0.026 | 38
:
cob o = 1.5
Van der Meer
Aceropodes _%NEADnz-stHg 6.015{ 33
2
Note : |
The values given above for k; and ky in the Fudsen )
formula for rock armour may also be used for concrete !
armour upits if it 15 assumed that the value of 0.I8 for i
o', is applicable. Further research to confirm or correct
this assumption would extend the value of this system of Table 7.5 - Hydroulic stability of rock toe berm
analysis. Formula Design equation ky kg
! - ma
* Tuble 7.4- Hydraulic stability of low-crested rock break- 1 Brgy 143 ° 0
waters Van der Meer,| 2g4 (_) AD gy =y HE 0.087 | 100
rock T2 b,
Formula Design gquafion ke kp
Tablz 7.6 - Run-up on rock armoured slopes
Van der Meer,}As for main armour Formula Pesign equation ky kg
rock, with factor
-1
R 5 105 Van der Meer,|for (a:otcut)'ls;:‘5 <15
fi-|125-48_%(2) | |0085| <2 rack
Hg a4t 1
-1 0.5 T 086 44
~R,a " cotas) wvyy Ha 0.0
applied to Dpso :
for (cota]‘ls;:'s 215
Note: Low crested breakwaters ave defined by ‘ .
-1 T (0,018 36
R B l:cotusf';"’] = Hs
D« Ec <1 e
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Table 9.1 : Design examples, based on Torshavn

Case 1 2 3 4 5 6 7 8

Life T, years 50 100

Design Py 0.1 0.2 0.4 0.6 0.1 0.2 0.4 0.6

Tp, = [1- (1-Py¥T] yrg 475 | 225 | 98 | 55 | 950 | 449 | 196 | 110

HY 4.0 43

H3T 45 - 48

ngr (0 5.0 4.7 4.3 4.0 5.3 5.0 4.6 44

‘Partial coefficients 2)

Y, 1.06 | 1.04 | 1.02 { 1.01 | 1.06 | 1.04 | 1.02 | 1.01

Vi 137 | 123 | 1.09 | 1.02 | 1.35 | 1.22 | 1.09 | 1.02

FS = v, Yms : 145 | 1.28 | 111 | 1.08 | 1.48 | 1.27 | 1.11 | 1.03

Armour size D5y, m (3)

§=2 223 | 1.97 | 172 | 1.58 | 2.37 | 2.11 | 1.86 | 1.72 ‘t
8=8 179 | 158 | 1.38 | 1.27 | 1.90 | 1.69 | 1.49 | 1.38 | .

§=14 151 | 134 | 117 | 107 | 161 | 143 | 126 | 116 | ° |

Median mass, Mg, t

5=2 31 21 14 11 37 26 18 14
S=6 16 11 74 5.7 19 14 9.3 7.3 .
5 =14 9.7 6.7 45 3.4 12 8.1 5.6 4.4

Notes :(1) Extreme wave prediction based on Bilbao data set, see Section 7.9 I
(2) Partial coefficients from Eqns. 7.1 and 7.2 i '

(3) Breakwater deéign based on Torshavn, with rock our, see Section 7.9 using the following
damage criteria: . | |
S= 2 marginal damage . i
S = 6 moderate/severe damage
/ S =14 very severs damage/failure
M:S@ 12 atnnt 1-:[3{-‘13[_
t A
6' F = @__2 H T r<_
S T Cbbel oL ext gm.u, (s{tapre) Az
./
7= ../.f“
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3.1 Partial safety factors for Rubble Mound breakwater failure modes
Armour layer failures
3.1.1 Conventional armour

G= i&ﬁ“(KDco?a)”a —ygHT%  Hudson (1974)

Table 6. Partial safety factors for stability failure of conventmnal armour. No model
tests performed.

o‘}.-xg =0.05 ai,ns = 0.2
Py(B:) TH vz vH T2
0.01 (2.33) 1.7 1.04 2.0 1.00
0.05 (1.65) 1.4 1.06 1.6 1.02
0.10 (1.28) 1.3 1.04 1.4 1.06
0.20 (0.84) 1.2 1.02 1.3 1.00
0.40 (0.25) 1.0 1.08 1.1 1,00

3.1.2 Rock armour
i & > ATy Fon (P A —
G = _—6280*PM1AD, Fodta P02 F701 — oy ATE  Van der Meer (1988)

where the factor f models the effect of low crested breakwaters:
1

* 125- 48—‘- fam

Table 7. Partial safety factors for stability failure of rock armour. Plu.ngjng waves, No
model tests performed.

g, = 005 . =02
Pr(f:) YE ¥z TH ¥z
0.01 (2.33) 1.6 104 19 1.00
0.05 (1.65) 14 1.62 15 i.06
0.10 (1.28) 1.3 1.00 1.3 1.10
0.20 (0.84) 1.2 1.00 1.2 1.06
0.40 (0.25) 1.0 1.08 1.0 1.10
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Dijrre Pl

Table 7-2. Partial safety factors for sliding failure of vertical wall caissons.

Design equatio

Q=

2(ﬁ'c; "ﬁre-—.ﬁmﬁ‘u)y_f—U

In calculation of £ 1 and F & apply as wave height vy f{rgL .

- " N -] .
G(YHH;L’pc’UHW.Fumr’Ifl’xfr"For«=§"y_f’B)
z
1 ~ - ,

z

Deep waer. Design withoul moded Lests. Deep water, Wave loads f:'” and Fu determined by model
tesls. Mo bias factors applicd.
O Fy, =005 | 05, =02 O ry =005 | 0F,, =02
Pr lva _|¥a ¥s  |vz Pr v {vz  iya 72
.01 14 (L7 JES 1T 00113 {15 {14 |15
0.05(1.3 4 i4 114 005[12 1.4 13 |14
010/ L3 112 (14 113 ootz 2 s |2
020112 112 113 112 020|101 12 |12 |12
040 LE j0O j11 |1 o40fto 12 |11 |10
Shatlow water, Desige without medel tests. Shallow water. Wave loads l':-” and f?,_. determincd by
mode! ests. No bias factors applied.
a'fy, =005 | 05, =02 o'r,, =005 [ o, =02

Pr ivu ¥ IH ¥z Pr iy iz iy Tz
0.0111.3 1.9 ra 119 0.01]1.2 1.6 1.3 1.6
00512 1.6 13 116 0.05]1.% 1.5 | A
Gi0312 (14 (13 114 g.10]1.1 £3 iz |13
0.2071.1 1.3 1.2 (L3 02011 iz 1.1 1.2
040(1.0 £2 1.0 |12 040110 1.1 1.0 (L1

g i significant wave height with return peried TL

Ty structure lifetime

B width of caisson

0Hnr‘l~'ﬂn_‘e 0.90, bias factor to be appliad to the Goda horizontal wave force

U Ver. Forre 0.77, bias factor to be applied to the Goda vertical wave force

v Hor Mowent

UV(‘I'..'UHJMHH

:‘, :}‘) =

o

) o

13

0.81, bias factor to be applied to the moment from the Goda horizontal wave forces around the
shoreward heel of the base plate

0.72, bias factor o be applied to the moment from the Goda vertical wave forces around the
shoreward heel of the bage plate

mass density of ¢aisson

buoyancy reduced weight of caisson

horizontal w;iva force calenlated by the Goda Formula
wave iuduceﬁ uplift force calculated by the Goda formula
friction coefficient

tidal elevation

ERI T AT
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Table 7.3, Partial safety factors for overturning failure of vertical wall caissons.

Dresign equation

G = G(YHH;’L + Pc’ UHar.}l.fsmmr =U Yer Moreur 3 E’ B)

= (MG

i

- - N
erdtomenet T ) = Uty stoment M 1

In calculation of A% r and Acf.r,' apply as wave height vy ﬁ}g,: .

Design without mode] tests.

No bias factors applied.

Wave load determined by model tesis. -

c'.v,,s =0.05 G‘F,,S =0.2 G Py, =005 o Py, =0.2

Pr yi pi Pr M Yu
0.01 - - 0.01 2.4 2.3
0.05 27 - .05 1.7 [.9
0.10 2.0 2.3 0.10 [4 i.6
0.20 i.6 1.7 0.20 [.3 1.4
0.40 1.2 t.2 0.40 i1 1.2

AT significant wave height with retern period 7

Te structure lifatime

B width of caisson

t Hor Farre
UVcr. Foree

7
& Har. Mennent

Ul’cr Monent

0.90, bias factor to be applied to the Goda horizontal wave force

0.77, bias factor to be applied to the Goda vertical wave force

0.81, bias factor to be applied to the moment from the Goda horizontal wave
forces around the shoreward heel of the base plate

0.72, bias factor to be applied to the moment from the Goda verticat wave
forces around the shoreward heel of the base plate

mass density of caisson

moment of F; around heei of caisson
moment of Fparound heel of caisson
moment of Fy;around heel of caisson

buoyancy reduced weight of caisson
horizontal wave forcé calculated by the Goda Formula

Wave induced uplift force calculated by the Goda formula

indicates that a partial safety factor corresponding to the small Py -values cannot be obtained

due to the large inherent uncertainties

tidal elevation

v

Y
A
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APPENDIX

The following example demonstrates the use of partial
safety. factors in the design of a caisson breakwater. The
result is also compared with that of the conventional deter-
ministic design for the same case.

(i} Design process

The design process is simplified to the determination of
the width of the caisson, necessary to achieve stability for
sliding and overturping. The overall geometry of the verti-
cal composite breakwater is already defined and shown in
Fig.l. Other failure mechanisms, such as slip failure
through the miound arnd instability of the rubble mound
foundation, are not considered in this example.

8

++5m

+0.5m__ //’//‘//’/

~10.0M e,

A8.0m

1;50 fincnation of sea bed)

Fig. 1: Basic geomelyy
of the vertical composite breakwater.

(ii) Design data

The service life time for the structure is set to 50 years.
The stricture is considered to bélong to the normal safety
class, cf, Table 10-1, which implies & safety level torre-
sponding to a probability of serious failures, cf. Pr=0.05
(ULS). The concept of the presented partial safety factor
system implies that in the calculations the teturn period for
the design wave conditions js set equal to thc structure life-
time, i.e. 50 years in this exzmple.

The design wave conditions for. 30 year retumn penod are
determined on the basis of wave records at the location of
the breakwater and read as follows:

H = 6.45m
T, = 110 s
B = 10 deg

The hieakwater is located outside the surf zone and no
impulsive breaking wave forces are to be expected.

Other geometrical parameters in Goda’s formﬂ[a can be
derived from Fig.1, as follows:

hy = 18.65m {at distance 5xH)
d = 10.00 m

ho= 1530 m

I = 450m

The specific weight of the caisson material is given as:

* concrete cap

w =23 kNlm_3
» caisson above water
w =21 kN/m3?

+ caisson below watér
w = 11 ¥N/m?® {incl. Buoyancy effect}

{iii) Design based on Partial Safety Factors

The relevant design equations in this example are {see
Chr.2)

Sliding:

G=(ﬁg —Uv‘Fu)Y;,l'f‘“U.lr 'FH =0

G =(’ﬁrj Uy My )=y My > 0
It which £ , £y, My , and My are calculated on the
basis of:
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The partial safety factors are obtained from Tables A2
7-3 respectively, taking the values for o'pgy, = 0.05
(reliable wave climate} and Pg=0.05 (see Gi=¥0, normal

safety class and ULS). This gives: besse ]

- for aliding
- for overtarning

Y= l3, vy =14
] @ & (°)
-~ A
Uyr =oi%; uw:.o,%
-~ P
UUM :.0 ;]-2 :1 UH‘“: D,ai
The wave loads Fy and Fy; are caloulated using Goda’s

formula, with H,,, = 1.8 13 -6.45= 15.09 m. For the
friction coefficient the characteristic value f = 0.6 is taken.

basd
Applying the bias factors Uy and Up as given in Gie the
design equation reads:

a, Sliding

-1
(2298 104=330 8- 10%9 14-+ 0.6~ 0.9 233.1.104> 0
from which follows: B=258m i M{f.&@k )M t?}'(/
g 4

b. Overturning  (2gA, \é"‘ - 4‘? e
H,,

The wave induced moments My and My, are calculated
with Geda’s formula, =18-17-645=

19.74 m.
boxio
Applying the bias factors Uy and Uy, as given in €.

<Fthe design equation reads:

now with &,

(2298058072 6.63 B - 0.67 BN0.81- 302.9 - 7.94> 0

from which follows: B2 15.3 m.

The caisson width is determined by sliding stability at the
value B = 258 m.

S

(iv) Deterministic design

The deterministic design gives for the same conditions and
a standard safety factor SF = 1.2 a caisson width 8 = 17.9
m , also with sliding stability being determining. The
return period of the design wave condition is taken at 50
years, but the actial failure probability of this design is not
known. It is interesting to assess this P value, using the
partial safety factor approach. This is done by substituting
the width in the design equation, as follows:

G=(22%-17.9-077-429 179 v7! - 0.6 - 0.9 -y~
2331=0

200 17 -210>0 FTyxYa=1 FeroH
By fitting the vy ¥z values from E288=52 in this expres-
oy G

sion one finds that the failure probability is in any case
higher than .4, If we assume P¢ = 0.50 (with vy = 1.0 and

Yz = 1.0), this means P is about 10 times higher than what
is aimed for in the design based on partial safety factors.

(v) Discussion

A first reaction to the above result could be that the apphi-
cation of partial safety factors leads to larger caisson width
and thus to higher costs. This would be a wrong conclu-
sion. What the example does point out is that the conven-
tional design method with a safety factor of 1.2 has a prob-
ability of failure that is higher than what is recommended (%
in-Ghepterstd of this report. This is not surprising when
one realizes that the 50 years wave height has a probabili-

ty of oceurence during a 50 year economic lifetime of P =
0.64, which is very high. With conventional design we do
not know how this figure is translated into the failure prob-
ability, while the presented system of partial safety factors
allows the designer to make a quantitive assessment of
this. Based on this assessment the designer will have to
decide which level of failure probability is chosen in his or
her project, also taking into account the costs refated. to
loss of function due to failure and the costs of repair.
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Box 5-1. Goda formula for irregular waves (Goda 1974, Tanimoto et al. 1976).

Ay

Py
r‘—’i—”
7 ’ BN
2,

fig

h
h d "
f Rubbla layar
| /

[T
pu,]-l
riLs T (4 Cd 4'[ (4 AL ITIPIIFIPTIFIE, FrIIITIETLE Coad

8

% = 0.75 (1 + cosff) Ay Hyegigy
p; = 0.5 (1 +cosf)( A o + Ay 0w cos? B)p, B Hyesign

h
{1 =5 or > h
pr= 7 )P] f c
0 Jor <,
Py= g py
P, =0.5 (1 +cosfiks @ o3 P & Hyesipn
where
B angle of incidence of waves {angle between wave crest and front of structure)

‘Hyegign ~ design wave height defined as the highest wave in the design sea state at a locatien just in front of the
breakwater, If seaward of a surf zone Soda (2000) recommends for practical design a value of 1.8 Hj

to be used corresponding to the (.15 % exceedence vatue for Rayleigh distributed wave heights, This
corresponds to Hyy59 {inean of the heights of the waves included in 17250 of the total number of waves,

counted in descending order of height from the highest wave). Goda's recommendation includes a safe-
ty factor in térms of positive bias as discussed in the Subgroup report A. If within a surf zone, Hyeian

is taken as the highest of the random breaking waves at a distance 5H, seaward of the structure.

Ox = Uy

deh /L 2
=06+05[————
o =06 Oj[sr'm': 47ths/L]

oy = the smallest of hyd { Hesign Yand 2
3]15, d . Hde:\'igu

1

- ‘h'ﬂ-hc 1
U=t e [ 1 iy

L wave length at the water depth hy, corresponding to that of the significant wave T, = app. 1.1 T, where T is
the average period,

Ay, water depth at a distance of SH, seaward of the breakwater front wall.

Aps Ay, and Ay modification factors depending on the structure type. For conventional vertical wall structures
M=h=Ak=1
1 3= L

A
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Box 2

Determinazione del clima ondoso di fronte all’opera Bac cebbt

s Clima ondoso al largo per il setiove di massima traversia del Mar Ligure 19 86

Fig, 2-1 - Altezza spettrale, durata e periodo dominante in
JSunzione del peviodo di vitorne, per il settore di massima
wraversia dell‘area Liginre

Settore di massima traversia (gradi nord) | 195%-225°N

Vita utile dell’opera (anni) v 00N
Periodo di ritorno {anni) Tg

:Altcgza d’onc.la spettrale su profondita H .10
infinita (metri) e

Periodo di picco (secondi) Tp 1285
Durata (ore) Dymo | 4.75

Tab. 2-1

o Clima ondoso lacale di fronte alla diga di Voliri:

Gl effetti sperimentati dafl’onda nel propagarsi verso riva sono:
Shoaling - Rifrazione - Saturazione - Frangimento
L’altezza d’onda significativa in corrispondenza della profondita di impianto della diga:

¥

P(50,50)

® T Y TV T
4 hﬂ-snr;:: n‘s-.-‘-s-‘- 1 ! ' sﬂ)dnug
"R - ] Fay s
12 3 /_- ]_[,m
i o + lodi nore
* u [— - —
M - i —
£ T -
§ i T -
" § ' " = ] e Y Erecreerts
P b= —=
R — e e ” ot
e l - "——-__..
P — e s
L ey
: - ! i D
i — i : :
¢ * * o i den 3 Fig 22 - Mareggiata effeftiva e mareggiata
I - * M triangolare equivalente
PEAICOL ©F AITTAND  WAAT

Probabilita di accadimento;

v
P(Tg,V}=1—-exp| ~——
50 / ('R ) p( TRJ

= 63%

h(m)j L(m) | WL | Koy } Kpg | Kgar | Hsp {m) | He(m} | Hgap(m) | H (m)
30 193.59 | 0.15 | 0.92 1 0.79 7.47 16.72 6.37 6.37
Tab, 2-2
Clima ondoso di progette di fronte all’opera:
Hg=H.m)| 637
Tp (s) 12.85

Tab. 2-3
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Box 5 Modello probabilistico del PTANC per [a stabilita allo “scorrimento”
Design equation
n A ~ 1 - ~ A I3 ~TL
Gi(FG'_U.Ven,forcc 'FU)'Y_'f_UHor.fbrce 'FH =0 Heh =18 'HS YR
z
Type of work Required security level Modello numerico: 0.;_ =02
or instatlation Level I | Level 2| Level3 3
General use infrastructure 25 [EeaiEw 100 P; Yo |1z
Specific industrial infrastructure 15 | 25 50 >
Tab. 5-1 S
- A
Limit Safety class S.L.U. e ie
State | Verylow | Low | Normal | High 010 | 14
SL.S. 0.4 0.2 0.1 0.05 020 | 1.3
SLU. 0.2 0.1 [H 4 0.01 SL.S. | 040 | 1.1
Tab, 5-2 . TFab. 5-3

Diga di Voltri

1. Progetiazione della larghezza B con il modello PIANC:

HE* 6.37
+ Required security level: 50 years. + )
» Clima ondoso di progetto: vedi box 2. Tr () 11.85

2. Probabilita di failure con il modello PIANC (usato come verifica)
Byomi=18.50m — vy =1.28e v, =1.19 2 P, =22% >3%

Percid, assumendo if modello probabilistico di verifica basato sui coefficienti parziali di
sicurezza, la diga di Voltri non soddisfa i requisiti minimi richiesti.

Tahb. 5-4
d 5 P Sostituendo i valori caratteristici tabulafi
G T Bl I R R R (soprasegno ) e i coeff. parziali di sicu-
40.10{1.411.310.2011.3112]  rezza (vy,¥z) nella design equation, si
16.05 14.91 oitiene la sezione B minima tale da sod-
19.30 19.30 disfare la probabilita di failure ipotizzata:
0.73 0.73
0.073 0.063
0.73 0.73 05
24.09 2237 g'lzg ?g;—?
129,850 119,055 - .
78,934 72372 Tab. 5-6
::’ggi gg’ig; Adottando quanto suggerito dal PIANC,
: J riferito a una diga a parete come guella
{kN/m) 313-8 3i3-B di Voltri, per soddisfare la design
£, (N/m) 438 408 equation si dovrebbe avere la
— cotrispondenza:
By (KN/m) 3,262 2,977
f':y_c : 0.6 0.6 Pf =5% — B=2450 m
Tab. 58-5
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Spostamento totale S (M)
Fig. 14-2 - Probabilita di superamento
Spostamento totale S {cni) Q(S) (%)
1 29
S nedio = 3.1 12
5 8.7
10 5.3
15 3.7
20 3.0
25 2.4
30 2.2




