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Abstract

In IACS UR | “Polar Class Requirements”, which leen introduced in the Rules of all
Classification Societies participating in IACS, tida@s no special consideration for the
navigation in low salinity waters where the stréngt ice is increased.

In general the salinity of the sea is (31-39%o) thhere are areas with lower salinity, like
the Caspian Sea (salinity 0-14 %o0) and rivers (aflo@%.). The Caspian Sea is an area
rich in oil and Bureau Veritas has recently clasdiseveral Offshore Service Vessels for
operation in this area.

In this paper we investigate the influence of laalirsty sea water on ice strength and
consequently on the hull scantlings of icebrealghgps. We consider that the sea water
salinity in low-salinity areas, which we call brastk waters, is the % of the normal
salinity of the sea. The ice which is formed in Is&linity areas is a low salinity ice. This
makes the ice stronger and affects the force appbe icebreaking ships and
consequently their hull scantlings.

In IACS UR |, two ways of ice failure are adoptdiéxural failure and crushing failure.
The low salinity of the ice increases its flexusttlength while the crushing strength is
almost not affected. The influence of the low safion the flexural strength of the ice is
calculated by the introduction of a new flexuraluige coefficient ¢ The new increased
values of this coefficient affect the hull scangn but only at the bow area, since
according to IACS URI, only at bow we have flexuilure of the ice, while in non-bow
areas we have crushing failure.

This new coefficient €has been introduced in Bureau Veritas Rules andeaused for
the hull scantlings calculations of ships sailindaw salinity waters.
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1. Introduction

In recent years, at least 7 offshore service vedseluse in the Caspian Sea have been
built under the supervision of Bureau Veritas. Thaspian Sea is an area rich in
hydrocarbons, representing reserves estimatedb& 8f world oil reserves and 5% of
world gas reserves. One example is the Kashaglahdjperated by Total. Bureau Veritas
is also involved in the certification of fixed piatms and drilling platform projects in the
Caspian Sea. Exploration and production in this are steadily increasing, especially in
the north. Figure 1 shows a map of the Caspianwithathe main areas of hydrocarbon
fields.

KAZAKHSTAN g g Winter ) ;Arygm Summer
KAZAKHSTAN | KAZAKHSTAN
i d . A . 3 Adtay 4 \o Altau
" droamy o . Makhachiale Malhachials) )
5 - & -y Derbente, Derbent &
Toilis! > ) X
VR .' . o N N
: AZERBAWAN g7 W AZERBAWAN  paig, TURKMENISTAN ~ AZERBAIJAN Bakig. TURKMENISTAN
3 &. e ~ kmenbashi - Tyrkmenbashi
b b . . .‘ o 3 00010 10.0
b e T on Rashtg T 7/, | :22:3 :gg Rashte /)
2 Y . Il 13010 14.0 y . .
= Gogan M 14010350.0 < Gorgan
Souce: The C: o 200km RAN o 200km
Figure 1. Hydrocarbons in the Caspian Figure 2. Salinity of the Caspian Sea

Sea

The main features of the Caspian Sea are as fo[lbjws
* Average depth: 5.0 m

» Swell: 3.0 m (5% probability)

« Salinity: 10 %o

* Air temperature: - 30 °C /- 10 °C

» Seawater temperature: 0 °C /0.5 °C

* Typical wind speed: 12 knots

« Strong wind speed > 30 knots

* Annual ice thickness <1.0 m

The Caspian Sea is characterized by a particulanhysalinity. In fact, while the average

salinity of seas and oceans is around 35 %o, theityabf the Caspian Sea is of the order
of quarter of the average salinity of the oceand seas. This low salinity leads to
increased strength of the ice.

Figure 2 provides the salinity in the Caspian Séach ranges from a value close to zero
in the north at a value of 14 %o in the southeast.

In this paper, we will initially examine the inflnee of salinity on the strength of ice,
before seeing how to change the Bureau VeritassRoleulae to reflect this change in
ice strength taking into account that the low saliof the sea water gives us low salinity
ice.
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We will explain the changes made in the rules ofeAu Veritas for classification of ice

reinforced ships, to meet the fact that regulatitorsice strengthening are based on
average values of the ice strength and do notita&eaccount the peculiarity of the ice in

areas of low salinity, like the Caspian Sea.

Polar Class | Ice Description (based on WMO Sea Ice Nomenclature)

PC1 Year-round operation in all Polar waters

PC2 Year-round operation in moderate multi-year ice conditions

Year-round operation in second-year ice which may include multi-

e year ice inclusions.

PC 4 Year-round operation in thick first-year ice which may include old
ice inclusions

PC5 Year-round operation in medium first-year ice which may include
old ice inclusions

PCE Summer/au_tumn ope_ration in medium first-year ice which may
include old ice inclusions

PC7 Summer/autumn operation in thin first-year ice which may include
old ice inclusions

Figure 3. Vessel operating in Caspian Table 1. Definition of ice Classes
Sea (IACS URI)

2. Ship type

Figure 2 shows one of the vessels operating iniricthe Caspian Sea. This type of
vessels, specially designed for use in the Caspea have the following features:

* Independent operations throughout the year ilNtbighern Caspian Sea
* Icebreaking capabilities: 0.6 m

e Length: 66.0 m

* Width: 16.4 m

* Depth: 4.4 m

*Draft: 25-3.0m

* Engine: 3 azimuth thrusters

* Total power 4.8 MW

Ships of this type are in service in the Caspiaa e 4 to 5 years to the satisfaction of
their operators.

3. Rules “Polar Class”

In 2007, IACS published the UR (Unified Requirens@nid, 12 and I3 [2] defining Polar
Classes of ice reinforced ships. These requirenmeamie been taken by Bureau Veritas
and introduced in a regulatory note, the NR527 [Bliblished in 2007.
The ice classes are 7 and range from PC7 (lowastrfnual ice) to PC1 (highest for
multi-year ice). Table 1 provides an overall viefattte Polar classes, providing for each
one, the ice type suitable for operation.

In the Caspian Sea, Polar Classes PC6 or PC7rgedyaufficient.
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4. Ice Strength
In IACS URI [2] the ice loads are described throutgxural strength and crushing

strength in connection with the class factors. nirtbe documents [1], [4] and [7] we can
get the following formulae for the class factors.

C. =0, -h (1) (flexural failure)
Ce =R Vg (2) (crushing failure)

We are going to investigate the influence of ickngg on the above factors. From the
documents above we have for flexural / crushingngfth:

Flexural Strength: o, =176.€ > 3) (MP3
- o —49.6% |1 [V ) (4)
Crushing Strength: ¢ 280 (MPa)
Brine volume ratio: v, =S ( 0532+ %FS] (5) (parts per thousand %o)

S : Salinity of the ice (%0)

T : Temperature of the ic€’Q)

Po : Ice pressure at Im  (MPa)

hice : Ice thickness (m)

v, . total porosity in the ice (brine and air) in {saper thousand (%)
¢ strain rate in'$

From Eqg. 1,3,5 we can have:
49185

" HZ, (6)

-588 | ( 0532+

C. =0, -, =176 %" .2 =176.e

Po is the pressure applied on the ship from the g¢ha ice fails because its crushing
strength or flexural strength is reachd®,i§ theo. in crushing failure or thes in flexural
failure)

5. Ice Temperature
The ice encountered by the ship during the iceKingaoperation is in contact with the

water. So since the temperature of water is nodvbel °C we can assume that the
temperature of the ice at the area in contact thighship will not be less than -10.
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Assuming thaty, = v,, (0 air porosity) from Eq. 4,5 we have for the g@vession strength:

05
o, =49-¢°% -{1— (zv—éoj } =49.5%%.

n

0532+ ———

I

280

05 7]
49185}

(7)

From [6] we have that the rangesois 107 to 10%. Fore =107 ande =10%, T = -10°C we
calculate thes. = f (S) and as we can see in Figures 4,5 thas almost independent of
S. ForS = 0 thes, takes its maximum values, which are respectively fore =107 and
6.46 fore =10,

So we can also say that siregis oc, theP, and consequently the fact, = B> -V

are independent of ice salinity in the case of lung failure. This means that crushing
failure of the ice is independent of the ice s&ini
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Figure 4,5. Influence of low salinit§ on ice crushing failure.

7. Flexural failure

As we can see in Figure 6 far= -10°C the flexural strengtle, = 176-e >V s
much more dependent on ice saliffyand the maximum value thatcan take (fol§ =

0— e

=1)is 1.76, independent of the temperafluend ice thickness;c.

So the factoiC, = o, -h%, and consequently the flexural failure of the iepend on the

ice salinity.
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Figure 6. Influence of low salinit§ on ice flexural failures

Also According to [2] the force applied on hull aseother than the bow has a crushing
nature, as it depends only @g, C, andA. So since low salinity influences the flexural
failure of the ice, we can say that influencesdhig’s scantlings only at the bow area.

8. Definition of Salinity associated with each Polarlass

The relationship between flexural strengitand ice salinity§ for a certain temperature
T as we have seen in 84 is given by the formulavbelo

-588 |S| 0532+ 49185
o, =176 —176.¢ | [ " ] (8)

Solving with Mathematica this equation f§rwe take:

~ 289231T|-(In(0.5681820, )

49185+ 0532 ©)
{T]

In the Table 2 below we see the values of opencgesalinity§ corresponding to Polar
Classes for temperatuffe = -10, -20, -30°C.

POLAR ot (MPa) Open Sea Ice Salinity (°/00)

CLASS or Table 2 0 0 0

ICEBREAKER -10°C. -20°C. -30°C.
1 1.40 0.28 0.51 0.70
2 1.30 0.49 0.89 1.22
3 1.20 0.78 1.42 1.95
4 1.10 1.17 2.14 2.94
5 1.00 1.70 3.09 4.26
6 0.70 4.51 8.22 11.32
7 0.65 5.27 9.59 13.22

Table 2. Ice salinityy versus Polar Class for various temperatidres
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9. Calculation of Class factorCr

For ice temperature of = -10 °C the salinityS of the open sea ice for the various ice
classes is according to Table 2. We assume thabwhealinity sea water gives ice of the

same low salinity.

Since only the flexural strength of the ice is uefhced from the low salinity, we can
calculate the Class fact@g, which is used for the calculation of flexural steength, for
ice salinity of 0, 1/3 and 1/4 of the salinity betopen sea ice as this is given in Table 2

for T=-10°C.

We can apply these values of Class fa€prfor scantling calculations for sea areas of
low salinity, like the Caspian Sea, which we walldrackish waters.

The Class factor€r for ice Salinity of 1/3 and 1/4 of the Salinity tfe open sea is
calculated, as we have seen in §4, from the forrbelaw.

49185

-588 S ( 0532+7J
2
' hice

2, = 176.e %" .2, = 176-e i

CF = O-f ice

In the case of zero ice salini§ythe above formula is simplified to:
C, =176-h%

In Table 3 and in Figure 7 we can see the valueSlads factoCr for ice salinity of O,
1/3 and 1/4 of the ice salinity of the open sea ice

POLAR Cr Cr Cr Cr Cr Cr Cr
CLASS or | (Sealce| (O Ice variation| (1/3 of | variation| (1/4 of | variation
ICEBREAKER | Salinity) | Salinity) open open

Sea Ice Sea Ice

Salinity) Salinity)
PC1 68.60| 86.24 1.26 75.53 1.10 76.92 1.12
PC 2 46.80 63.36 1.35 53.17 1.14 54.45 1.16
PC 3 21.17 31.05 1.47 24.88 1.18 25.64 1.21
PC 4 13.48 21.56 1.60 16.44 1.22 17.05 1.26
PC5 9.00 15.84 1.76 11.42 1.27 11.94 1.33
PC 6 5.49 13.80 2.51 8.10 1.48 8.70 1.59
PC 7 4.06 11.00 2.71 6.19 1.52 6.69 1.65

Table 3. Influence of low ice salinify on factorCg



10.Comparison

POAC’'15

Trondheim, Norway

Proceedings of the 23rd International Conference on
Port and Ocean Engineering under Arctic Conditions
June 14-18, 2015
Trondheim, Norway

CF

100
90

80

L

70
60
50
40
30
20
10

Polar Class - CF

Polar Class
%0 salinity

—=«1/3 sea ice
salinity

-

| ]
1 2 3 4 5 6 7
Polar Class

Figure 7. Influence of low ice salinity on Polar Classes

We investigate the influence of low ice salinity bow scantling requirements. We will
apply this approach on a test ship (Polar classih) the characteristics shown in Table
4. The bow of this ship is constructed with tramseeconstruction system. In order to
check the influence of the reduced valuesCefalso on the longitudinal construction
system we are going to apply the same calculationaohypothetical longitudinal

construction system with scantlingsandl) as defined in Table 4.

D 2450 tn
s(T) 0.3 m
| (T) 1.8 m
s(L) 0.3 m
| (L) 1.8 m
L 63 m
B 16.4 m
T 3.0 m
Cw, Cp 0.8

Py (ice) 1.5| Mpa
Vahip 45| knots

Table 4. Characteristics of a test Ship
(Polar Class 6)

s (T): spacing of transverse ordinary
stiffeners at bow.

I (T): span of transverse ordinary
stiffeners at bow.

s (L): spacing of longitudinal ordinary
stiffeners at bow. (Hypothetical)

| (L): span of longitudinal ordinary
stiffeners at bow. (Hypothetical)

In Tables 5,6 below we can see a comparison forsttaatling requirements between
IACS URI [2] and our calculations with a reduced galinity (0, 1/3, 1/4 of open sea ice
salinity). The coefficients we see in the Tables &press the increase/decrease of the
IACS URI [2] bow scantling requirements due to theplication of the low salinity
requirements as these are expressed in this paper.
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In the Tables 5 and 6 below we see the influenadb@hew factoCr (ice salinity = 0, 1/3 and 1/4 of open sea icéngg) in plate
thickness, in shear area and stiffener section tedequirement,net) for the ship mentioned in Table 4, assuming thathave
flexural failure of the ice.

POLAR Plate (mm) Shear area (cth SM (cn?)
CLASS or
ICEBREAKER | (0) (1/4) (1/3) ) (1/4) (1/3) ) (1/4) (1/3)
PC1 1.04 1.02 1.02 1.15 1.07 1.06 1.13 1.06 1.06
PC?2 1.05 1.03 1.02 1.20 1.10 1.08 1.17 1.08 1.07
PC 3 1.07 1.03 1.03 1.26 1.12 1.10 1.22 1.10 1.09
PC4 1.09 1.04 1.04 1.33 1.15 1.13 1.27 1.13 1.14
PC5 1.11 1.05 1.05 1.41 1.19 1.16 1.34 1.16 1.18
PC6 1.18 1.09 1.08 1.75 1.32 1.27 1.62 1.28 1.28
PC7 1.20 1.10 1.08 1.84 1.36 1.29 1.69 1.31 1.26

Table 5. Increase/decrease of IACS URI [2] bow Hizanrequirements, due to application of the loalirsty requirements for all
Polar classes. (Transverse system, Ice salinityl#3and 1/4 of open sea ice salinity)

POLAR Plate (mm) Shear area (cth SM (cnT)
CLASS or
ICEBREAKER (0) (1/3) (1/4) (0) (1/3) (1/4) (0) (1/3) (1/4)
PC1 1.03 1.01 1.01 1.10 1.04 1.05 1.22 1.08 1.10
PC 2 1.03 1.01 1.02 1.14 1.06 1.07 1.18 1.07 1.09
PC3 1.04 1.02 1.02 1.21 1.08 1.10 1.22 1.09 1.14
PC4 1.05 1.02 1.03 1.28 1.12 1.14 1.29 1.12 1.14
PC5 1.06 1.03 1.03 1.37 1.15 1.18 1.38 1.1% 1.18
PC6 1.11 1.04 1.05 1.69 1.28 1.33 1.70 1.28 1.34
PC7 1.12 1.05 1.06 1.73 1.26 1.32 1.73 1.27 1.38

Table 6.Increase/decrease of IACS URI [2] bow scantlingunegnents, due to application of the low salinigguirements for all
Polar classes. (Longitudinal system, Ice salinity; 4#/3 and 1/4 of open sea ice salinity)
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11.New Rule requirement

We concider as brackish waters areas with salloisear than the open sea salinity. We
are going to use for these areas sea water satigugl to 1/4 of the water salinity of the
open sea. Consequently the ice salinity in brackvsiters will be the 1/4 of the ice

salinity of open sea waters.

In Bureau Veritas Rules [3] we introduce, for thieue of ice salinity, new values of

Class factoCr of ice flexural failure for brackish waters accdoglto the Table 7 below.

Brackish waters cover also the Caspian Sea.

POLAR CLASS C C; (flexural failure) Co Ca G

or (crushing (load patch (displacement) (longitudinal
ICEBREAKER failure) Brackish water Open sea dimensions) strength)

1 17,69 76,92 68,60 2,01 250000 7,46

2 9,89 54,45 46,80 1,75 210000 5,46

3 6,06 25,64 21,17 1,53 180000 4,17

- 4,50 17,05 13,48 1,42 130000 3,15

5 3,10 11,94 9,00 1,31 70000 2,50

6 2,40 8,70 5,49 1,17 40000 2,37

7 1,80 6,69 4,06 1,11 22000 1,81

Table 7. Class factors
12.Conclusion

In this paper we have firstly checked the influentevater salinity and consequently the
influence of ice salinity on ice strength. (flexuoa crushing)

We have come to the conclusion that the low icenialinfluences only the flexural
failure of the ice which according to IACS URI [i] restricted only at the bow area of
the ship.

We have also defined the values of ice salinityclwhare connected with the Polar
Classes for various temperatures and we have detadeork withT = -10°C.

Furthermore we have proposed a way to evaluatenfluence of the low ice salinity to
scantling requirements for Polar Class Ships aeOriakers, through the calculation of
the Class factoCr , for a certain value of ice salinity.

Finally we have decided to use as salinity of bigttkvater the value of 1/4 of open sea
salinity which covers also the area of the Casfg@aa. We have introduced a new Class
factor Cg of flexural failure of the ice for brackish watef&his factor will influence the
bow scantlings in the case of flexural failure lué ice.
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