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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (ISO
member bodies). The work of preparing International Standards is normally carried out through ISO technical
committees. Each member body interested in a subject for which a technical committee has been established has
the right to be represented on that committee. International organizations, governmental and non-governmental, in
liasison with 1SQ_also take part in the work |SO collaborates closely with the International Electrotechnical

Commissipn (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives,|Part 3.

Draft Interpational Standards adopted by the technical committees are circulated to the member bodies for voting.
Publication as an International Standard requires approval by at least 75 % of the member bodies cast|ng a vote.

Attention is drawn to the possibility that some of the elements of this International-Standard may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights.

International Standard 1ISO 11812 was prepared by Technical Committee-tSO/TC 188, Small craft.
Annexes B, C, D and E form a normative part of this International Standard.

Annex A ig for information only.

© 1SO 2001 — All rights reserved \%
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Introduction

The compliance to this International Standard may not be required to show that a boat fulfils the essential safety
requirements of the Directive 94/25/EC, but it may be required by ISO 12217.

Vi © ISO 2001 — Al rights reserved
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INTERNATIONAL STANDARD

ISO 11812:2001(E)

Small craft — Watertight cockpits and quick-draining cockpits

5 “watertight”

Il be used. It

f “self-draining

provisions of

ncouraged to
d below. For
SO and IEC

nd tightness

' Non-sailing

1 Scope

This Internjational Standard specifies requirements for cockpits and recesses to be designated either a
or as “quidk-draining” on small craft of hull length up to 24 m.

It does not set requirements for the size and shape of a cockpit or recess, nor when or-whete it shz
only consiflers draining by gravity, and not by pumping or other methods.

NOTE 1 [The term “quick-draining cockpit” has been chosen to differentiate from the common understanding o
cockpit” where water may be drained overboard in certain conditions, but without specified.draining speed, height of bottom or
sill, etc.

NOTE 2 |Examples of single-plane cockpit bottoms are given in informative annex A.

2 Normative references

The followjng normative documents contain provisions which, through reference in this text, constitute
this Interrfational Standard. For dated references, subsSequent amendments to, or revisions of, any of these
publications do not apply. However, parties to agreements based on this International Standard are e
investigatg the possibility of applying the most recent editions of the normative documents indicate
undated references, the latest edition of the normative document referred to applies. Members of
maintain registers of currently valid International\Standards.

ISO 8666:—1), Small craft — Principal data

ISO 90931:1994, Small craft — Seacocks and through-hull fittings — Part 1: Metallic

ISO 9093-R:—1), Small craft = Seacocks and through-hull fittings — Part 2: Non-metallic

ISO 12216:—"), Smallcraft — Windows, portlights, hatches, deadlights and doors — Strength 3
requiremehts

ISO 12217-1:—W,~Small craft — Stability and buoyancy assessment and categorization — Part 1
boats of hlill.length greater than or equal to 6 m

ISO 12217-2:—"), Small craft — Stability and buoyancy assessment and categorization — Part 2: Sailing boats of

hull length

greater than or equal to 6 m

ISO 12217-3:—"), Small craft — Stability and buoyancy assessment and categorization — Part 3: Boats of hull
length less than 6 m

1) To be published.
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3

Terms and definitions

For the purposes of this International Standard, the following terms and definitions apply.

3.1

design categories
description of the sea and wind conditions for which a boat is assessed to be suitable

NOTE The following design categories apply:

3.2

length of hul

Ly

A: Ocean: Designed for extended voyages where conditions may exceed wind force 8 (Beaufort scale) and significant

C: Inshore: Designed for voyages in coastal waters, large bays, estuaries, lakes and rivers where condition
including|wind force 6 and significant wave heights up to and including 2 m may be experienced;

D: Shelt¢red waters: Designed for voyages in close coastal waters, small bays, lakesy fivers and canals wher
up to and including wind force 4 and maximum wave heights up to and including 0,3 A may be experienced.

length of the |hull according to ISO 8666

NOTE Lgngth of hull is expressed in metres.
3.3

maximum beam

Bmax

overall beam| of monohull or multihull craft according to ISO 8666

NOTE Maximum beam is expressed in metres.

3.4

waterline

WL

waterline in the fully loaded ready-for-use condition

3.5

freeboard amidships

Fyv

freeboard at mid-waterline in fully loaded ready-for-use condition according to ISO 8666

3.6

Lirricanes.

ificant wave

5 up to and

b conditions

sailing boat
boat designed to use sails as its primary means of propulsion, as defined in ISO 12217-2

3.7

non-sailing boat
boat not designed to use sails as primary means of propulsion, as defined in ISO 12217-1

3.8

cockpit and recess
any area that may retain water, however briefly, due to rain, waves, boat heeling, etc.

© 1SO 2001 — All rights reserved
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NOTE Cockpits are normally designed for accommodation of people but, for the purpose of this International Standard, the
term "cockpit” will be used either for a proper cockpit or for any recess. This means that

— bulwarks may create a large cockpit,
— open boats may effectively comprise a cockpit which includes nearly all the boat,
— cockpit(s) may be situated anywhere in the boat, and

— a cockpit may open aft to the sea.

3.9

watertight-cockpit-orrecess
cockpit or |recess which satisfies the requirements of this International Standard for watertightness_ang sill heights,
but not thgse for drainage

3.10
quick-drajning cockpit or recess
cockpit with characteristics and draining capacity which fulfil all the requirements of this International{Standard for
one or seVeral design categories

NOTE According to its characteristics, a cockpit may be considered quick-draining for one design category, blit maybe not
for a higher| category.

3.1
cockpit sole
essentially horizontal surface(s) of the cockpit on which people notmally stand

3.12
cockpit bpttom
lowest surface of the cockpit sole where water collects befere being drained

NOTE 1  Pevices raising the standing level(s) from the Trigid part of the cockpit sole, e.g. grating, stands, bridge|decks, are not
considered|as part of the cockpit bottom.

NOTE 2 [The cockpit bottom is considered to comprise only one plane. A cockpit bottom with several levels] is considered
according tp annex B.

3.13
bridge deck
area just putside the companiofiway opening and above the cockpit bottom, onto which people rjormally step
before entering the accommiodation

3.14
closing appliance
device usgd to cover’an opening in the cockpit, hull or superstructures

EXAMPLE Hatch, window, door, engine cover, etc.
3.15

cockpit water-retention height

he

height of the water contained in the cockpit measured between the cockpit bottom and the point of overflow
outboard, the boat being upright, at rest and fully loaded

NOTE 1 This height corresponds to the lowest point where the overflow area, expressed in square metres, is
> 0,005 Ly Bmax, and is usually the lowest point of the cockpit coaming.

NOTE 2 For assessing /¢, every closing appliance, including the companionway door(s) is assumed to be closed.

© 1SO 2001 — All rights reserved 3
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3.16

cockpit bottom height

Hy
height of the

NOTE

cockpit bottom above the waterline, the boat being upright, at rest and fully loaded

is measured according to annex B.

3.17

minimum cockpit bottom height

HB,min

minimum val

3.18
drain
outlet of the

NOTE Ad
apiped
a part of
scupper.

etc.

3.19

Lie of Hg required by this International Standard

cockpit enabling any water contained to be discharged outboard by gravity

rain can be
scharging overboard above or below the waterline,
the cockpit allowing direct discharge overboard,

5 and freeing port,

companionway opening

opening givir
NOTE Th

3.20

g way to accommodation

bre may be several companionway openings:

companion\’nl(ay door

door or closi

3.21
washboard
closing appli
top of each g

g appliance intended to close a companionway opening

nce for companionway opening made of several mobile boards that, when closed, are stack
ther

is is a verynfrequent device on sailing monohulls.

ards\are added as the weather worsens to constitute a higher sill.

NOTE1 TH
NOTE2  Bq
3.22

sill

barrier above which water in the cockpit may enter companionway openings and downflood the boat

NOTE

For a single-plane cockpit bottom, Hg is measured at the centre of surface of this plane. For a multi-plane bottom, Hg

ed one on

The lids to cockpit lockers or any opening other than the companionway opening, and leading into non-quick-draining

parts of the boat are not considered to be sills if the closing appliance covering them fulfils the watertightness requirements of

clause 9.

3.23
fixed sill

sill being a fixed, integral and permanent part of the cockpit

© 1SO 2001 — All rights reserved
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semi-fixed sill
any closing appliance movable but permanently attached to the boat which, when in place, constitutes a sill higher
than the fixed sill

EXAMPLE

Sliding or hinged doors, hatches, sliding sills, but excluding washboards.

NOTE A lanyard is not regarded as a permanent attachment.

rge, which is

of protection

3.25
sill height
hS
height of ill, either the top of a fixed sill, or of the mobile part, when closed, for a semi-fixed sill
3.26
minimum|sill height
hs,min
minimum yalue of sill height required by this International Standard
3.27
cockpit volume
Ve
volume, in cubic metres, of water that can be instantaneously contained.in the cockpit before dischg
the volume below /¢
3.28
cockpit volume coefficient
ke
ratio betwgen the cockpit volume and the reserve buoyancy
V
kg = | "C
Ly Bmaxfm
3.29
degree of{watertightness
ability of g closing appliance, fitting.or surface, to resist ingress of water according to the conditions
from wate
NOTE The degreee of watep tightness is summarized as follows.
Degree 1 |Degree of tightness providing protection against effects of continuous immersion in water.
Degree 2 |Degree-of tightness providing protection against effects of temporary immersion in water.
Degree 3 |Degree of tightness providing protection against splashing water.
Degree 4 DUBICC Uf tlyhtl 1TSS plUVidilly plUtht;Ull dud;llbt vvatcl dlupa fd”;llu dt dall dlly:c Uf Uy tU 150 fIUIII thc
4 Symbols

Table 1 summarizes the main symbols used in this International Standard.

© 1SO 2001 — All rights reserved
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Table 1 — Summary of symbols

Symbol Unit Meaning Subclause or annex
concerned

B hax m Maximum beam 3.3,3.28
C, — Draining-time reduction coefficient Annex C
C, — Loss coefficient for discharge above the waterline Annex C
Cy — Loss coefficient for discharge below the waterline Annex C

d T Braimdiameterimmitimetres 78, ammexes 5,G,D
D m Drain diameter in metres Annex'\D
Fum m Freeboard amidships 3.5, 328

3(15,7.2, 8.1, 911,

hc m Cockpit water-retention height anfiexes A, B, C|.D

Hpg m Cockpit bottom height above the waterline 3.16, 6.1, annex|B
HB min m Minimum cockpit bottom height above the waterline 3.17,6.1, 7.6, annex B

hg m Sill height 3.25,8.2,9.2, anngx B
hs min m Required minimum sill height 3.26, 8.2,9.2, anngx B

ke — Cockpit volume coefficient 3.28,7.2

Ly m Length of hull 3.2,3.28

tmax min Maximum allowable draining time 7.2, 7.8, annexes §,C,D

tref min Reference draining\time = #y,5,/Vc 7.8, annexes B,|C

Ve m?3 Cockpit volume 3.27,3.28,7.2

NOTE Heights measured above the cockpit bottom™have symbols beginning with 4, whereas heights measured above the|waterline

have symbols beginning with H.

5 General requirements

5.1 Loading and measurement conditions

The loading [conditions for the subclauses 5.2 to 5.4 are “fully loaded ready-for-use” as defined in ISP 8666. In
some cases,|the mass of water contained in specific volumes shall be added to this loading (see 6.2.1 and 6.2.2).

The measurgment or calculations shall be made with the boat upright and at rest in smooth water.

NOTE This loading condition is surpassed and maybe the trim altered when the cockpit is in its draining period, i.e. when
partially or totally filled with water.

5.2 Requirements for “watertight” cockpits and recesses
A “watertight” cockpit or recess shall
— have its sills in accordance with clause 8, and

— show a degree of watertightness in accordance with clause 9.

6 © 1SO 2001 — Al rights reserved
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5.3 Requirements for “quick draining” cockpits and recesses

A “quick-d
— have

— have

raining” cockpit or recess shall

its bottom height /g above the the waterline in accordance with clause 6;

its draining devices in accordance with clause 7;

— have its sills in accordance with clause 8;
— show a degree of watertightness in accordance with clause 9
For simplicity, the main part of this International Standard considers cockpits having only .ene bottom level.
Cockpits Having several bottom levels shall be analysed according to annex B.
Figure 1 g|ves schematically the principal heights used in this International Standard for atone-level boftom cockpit.
6 3 5 L4 9 1 6 10 11
A \
2 oo 8 J &
il o 1
T /
a) Case of a semi-fixed sill b) Case of a fixed sill
Key
1 Watefline 7  Access companionway
2 Cockpit bottom 8  Top of the fixed part
3 Overflow point 9  Top of the mobile part
4  Coanlings 10 Top of fixed sill
Chambers and compartments
5 Seatsg 11 Companionway closed by washboards
6 Drain
a8  Hg apd hc measured at the centre of the cockpit bottom
Figure 1 — Schematic longitudinal section of a cockpit

5.4 Closing appliances

Closing appliances fitted in watertight cockpits and quick-draining cockpits, and giving access to the interior of the

boat, shall

fulfil the requirements of ISO 12216 and of clause 9.

6 Requirements for quick-draining cockpit bottom

6.1 Minimum cockpit bottom height, Hpg min

The minim

um cockpit bottom height, Hg i, @above the the waterline shall be according to Table 2.

© 1SO 2001 — All rights reserved
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Table 2 — Minimum height, Hg ., of the cockpit bottom

Dimensions in metres

6.2 Exceq

6.2.1 Exce
Surfaces up
assessing th
6.2.2 Lock

Lockers plac

Design category Height, Hg min
A 0,15
B 0,1
C 0,075
D 0,05
NOTE Greater heights than these minimum values may be required to
fulfil the maximum acceptable draining time according to 7.2

tion to 6.1 for recesses or lockers

ption up to 10 % of cockpit bottom area

b fully loaded condition.

prs in the cockpit bottom

ed in the cockpit bottom

to a total 10 % of the horizontal projection of the cockpit bottom are not required to compl
Among thesg surfaces, those containing water after the cockpit has drained-wilbe considered full of W

— which are intended for the storage of liferafts, ice, fish;.baits, etc., and

— which are watertight towards the interior of the boat;”and

— whose ¢

are not regafded as part of the cockpit and are not required to comply with clause 9. They shall be cons

of water whe

If fulfilling the requirements of 5.3 ‘and clause 9, these lockers need not be considered full of water, but
mum loading corresponding to the “fully loaded” condition.

with the max

h assessing the fully loaded condition.

osing appliances do not fulfil all the requirements of 5.3,

7 Requifements-for drainage of quick-draining cockpits

71 Cock||>it drainage

y with 6.1.
ater when

idered full

only filled

7.1.1 General

Draining shall only be by gravity.

7.1.2 When the boat is upright

When the boat is upright, at least 98 % of the cockpit volume shall drain, excluding any recess in accordance with
the exceptions of 6.2.

7.1.3 When the boat is heeled

The requirements in 7.1.3.1 and 7.1.3.2 shall be fulfilled when the boat is heeled to both port and starboard.

© 1SO 2001 — All rights reserved
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On sailing

ISO 11812:2001(E)

Sailing monohulls

monohulls, drainage shall be provided for at least 90 % of V' at the lesser heel angle of

— 30° heel, or

— when the deck at side begins to touch the water.

7.1.3.2

On non-s

Non-sailing boats and multihulls

7.2 Drajning time

The drainipg time is the time needed to drain the cockpit from the full height of water, /g, down to a

0,1 m abo
The draini

NOTE

If the draining section, expressed in square metres, is greater than“or equal to 0,057, it is con

enough to

For other
formulae i

The cockgit volume, ¥, shall be measured from the cockpit bottom up to the top of %, with the event
of 6.2, asqumding'that all closing appliances and drains are closed.

iling boats and multihulls, drainage shall be provided for at least 90 % of Ve at 10° heel

Ve cockpit bottom.

ng time shall be measured or calculated with every appliance closed.

fulfil the requirements and does not require a draining time assessment.

jrain configurations, the draining time shall be assessed, and shall not be greater than ;.
n Table 3 or by the curves in Figure 2.

Table 3 — Maximum.acceptable draining time, 7, .,

Time in minutes

Design category max
A 0,3/kc  but not greater than 5
B 0,45/kc  but not greater than 5
C 0,6/kc  but not greater than 5
D 0,9/kc  but not greater than 5

remainder of

t is considered that a large cockpit volume relative to the boat's reserve blpyancy requires a correspondingly small
draining time, as a prolonged time with the cockpit full of water would expose the boat to great hazard.

bidered large

given by the

1al exception

© 1SO 2001 — All rights reserved
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7.3 Numb

A quick-drair

drainage when the boat is heeled to both port and starboard;>as required in 7.1.

7.4 Minim

7.4.1 Internal dimensions of the drain

Drains with
shapes shall

NOTE Th
ropes.

7.4.2 Eventual protective-grids

If the drains
aware that a

Figure 2 — Maximum acceptable draining time 7, according.to k- and design category

er of drains

ing cockpit shall have at least two drains, one port'and one starboard, unless one openirg enables

um drain dimensions

b circular cross section shall-have a diameter of at least 25 mm. Drains with other cross-sectional
have a cross-sectional area.of at least 500 mm2 and a minimum dimension of 20 mm.

b purpose of this subclause is to avoid taking into account drains that could be easily clogged by loosg objects or

bre equipped with systems preventing loose objects from falling into the draining system, one shall be
grid,of>small holes is more prone to be clogged than the drain itself.

If the minim

m-nassaage—dimension-inside—anv nart of thase devices—has at laast 2 saction-of 125 r]mz (Or a
tHR ge—ainension—hsiceaRfpPat—o+these—aeHeesSHasat18ast—a oR—O0+—=o

diameter of 12 mm), and the total entry cross-section is at least 1,5 times the cross-section of the drain, Table 4

may be used

If the above
annex D.

for calculation of the draining time.

conditions are not met, the head losses from the protection grid shall be considered. See normative

7.5 Centreboard housings and other types of drain

Centreboard

10

housings and other types of aperture may be used as drains if they are designed for this purpose.

© 1SO 2001 — All rights reserved
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7.6 Drain fitting
The drain outlet running through the hull shall either be located above the waterline or, if below the waterline, be

fitted with seacocks (see 7.7), unless the drain outlet is an integral part of the hull extending from the outlet up to at
least 0,75 Hg i, above the waterline.

Figure 3 shows a drain outlet integral with the hull.
1 2

N

0,75 Hg hin

Key

1 Waterline
2 Top offintegral penetration above 0,75 Hg m,: N0 seacock required
3 In this|area, the drain is integral with the hull shell

Figure 3 — Drain putlet as an integral part of the hull

7.7 Drajn piping design and construction
The scantling and design of drains shall take into account all the loads to which they may be subjected

Drain piping shall be protected-against damage from loose objects stowed in the boat and against beging kicked or
stepped op.

Drain piping shall notitrap water and shall only be used for cockpit drainage. This requirement does not apply to
drains fittgd in centreboard housing or outboard wells and trunks.

Seacocks| through-hull fittings, and associated components shall comply with the requirements of 1$0 9093-1 or
ISO 9093

7.8 Draining time assessment

7.8.1 General

The draining time shall be determined either by measurement of the actual draining time, or by calculation.

7.8.2 Measurement of the draining time

The boat shall be placed near the fully loaded displacement and corresponding design trim.

© 1SO 2001 — All rights reserved 11
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The cockpit is filled with water up to 4, and the draining time to empty the cockpit between 4. and 0,1 m of water
remaining in the cockpit is measured. This latter height shall be measured above the centre of the bottom surface

of the cokpit.

NOTE It may be useful to indicate the point located 0,1 m above the centre of the cockpit bottom with a tape mark.

7.8.3 Calculation of the draining time

A quick and approximate method of calculating the draining time calculation is given in 7.8.4. Simplifications in this
method may lead to small differences between measured and calculated draining time, but both methods are
considered valid.

More thoroug

h methods of calculation are specified in annex C.

If the arrangément of cockpit and drains does not correspond to the cases of 7.8.4 or the methods”of annex C, the

calculation
7.8.4 Quic
7.8.4.1

Determine ¢,

7.8.4.2

Calculate #,.4

ethod used shall be based on a practical test on a similar arrangement.

ax Using ke = Vo/(Ly Brax Fmean): i-€- the cockpit volume coefficient in accordance with 7.2.

= Imax

7843 S

Determine

time by inter

p 3: Determine whether the drain outlet is\above or below the waterline

K method of calculation for cockpit fitted with two drains

Step 1: Determination of the required maximum draining time 7,5«

Step 2: Determination of the reference draining time, 74

V¢ which is the reference draining time (without head loss) for a set of two drains.

ether the drain outlet is above or below the waterline when the cockpit is full. If the drafn outlet is
above the waterline when the cockpit is empty and-below it when the cockpit is full, one shall either congervatively
consider tha{ the drain is always below the waterline, or make the calculation in both cases and calculate the final

olation.

Figure 4 shows some drain arrangements; but other arrangements may be used.

2

/

1

he

2

/

a)

12

Cockpit bottom above the waterline

b) Cockpit bottom below the waterline
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2 5
[, ]

Nisvide
v

— /

c) Drain above or below the waterline

Key
1 Watefline 4  Discharge above the waterline
2 Level|of water overflow 5 Discharge below the waterline

3  Height above the waterline

Figure 4 — Examples of some drain arrangements

NOTE 1 According to 6.1, the cockpit bottom may be above the waterline whenthe cockpit is empty and belqw it with a full
cockpit.

In Figure 4c) an attempt shall not be made to apply the Bernouilli equation between water level in th¢ cockpit and
point q (drain outlet) instead of point p (drain inlet). A bigger ‘water flow would then occur but,| as water is
uncompregsible, the flow in the drain must be the same in p.and q. The flow speed at the inlet thergfore governs
the flow sgeed in the whole drain.

7.8.4.4 |Step 4: Determination of the required drain diameter

Table 4 gives the approximate draining time for'six cases: drain above or below the waterline, no glbow or two
elbows, and freeing port with and without a flap:

Enter the |line corresponding approximately to the cockpit configuration and choose the drain diamjeter giving a
draining tifne 1,4 corresponding to therequirements. Interpolations may be used.

Table 4 — Drain)diameter as a function of and typical drain arrangement

Typical ¢irain arrangement Values of 7, (min)

Drain outlet #bove 7, no elbow 88 (58(|41(30(23(18(15(12]|10]09]08]0,7(05(04(03]0,3]|0,2]0,2]0,2

Drain outlet above W, two’elbows [10,0| 6,7 |4,7|35(|27|22(18|15|13(1,1/09(08(06]05(04]|04]03(0,3]|0,2

Drain outlet below /7, no elbow 10,872 51|39(30|24|20(16|14(12(10]09(0,7|06]05(04]03]0,3(0,2

Drainoutletipelow W, . twoelbows [1181 79 157143133127 1221181151131121101/08[0610510410,4(0,3(0,3

Freeing port above W, no flap 10,1170 |52|39(31|25|21(18|15(13(11]10(08]|06|05(04]04]03(0,3

Freeing port above W, with flap 15,2(10,5(7,7(594,7138131(26(22(19|17]15]|12(09(08(0,7|06]05]|0,4

Drain diameter ¢ (mm) two drains | 25 | 30 | 35| 40 (45 | 50 [ 55 | 60 | 65 70 | 75 | 80 | 90 | 100|110 (120|130 | 140 | 150

NOTE The time calculations given in Table 4 are for a draining time between a height of water 4¢c = 0,40 m to a remaining
0,10 m of water, with two drains, each one 1,2 m long and a coefficient of head loss at the entry K = 0,06 (see D.3). For different
values of /¢, the draining time is smaller (multiplied by coefficient C¢ of Table C.1). The draining time for a freeing port fitted with
flaps is considered as 150 % of the draining time without a flap, this assessment may be adjusted by a test.

For a non-circular drain section, the section area shall be the same as that of a circular drain.
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8 Requirements for sills

8.1

Sill height for watertight cockpits

Watertight cockpits shall have no opening below the height /c.

8.2 Sill height and other requirements for quick-draining cockpits

8.2.1 Sill-h

eight measurement

When meas
companionw

Any vertical
to a cockpit
clause 9.

iring the sill height, all closing appliances shall be considered to be closed, with the ,eX
hy door(s). The sill height is the lowest height of the openings considered to be sills.

bulkhead or partial bulkhead cut by a companionway aperture leading to the interion, ahd log
or on the deck shall fulfil all the requirements for sill height and watertightness of this cla

ception of

ated close
use 8 and

The sill heigit shall be measured vertically from the cockpit bottom to the lowest peint/on the sill edge {hat allows

ingress of wa
If the cockpit

Cockpits hav

8.2.2 Requirements for sill height of quick draining cockpits

The required

The value of

ter.

ng more than one bottom level shall be assessed using informative annex A.

minimum sill height 7 according to boat typetand design category is given in Table 5.

s,min

hs min May be used in clause 9 or informative annex A when considering multi-level cockpits

Table 5 — Minimum values 7 for fixed sills and semi-fixed sills

bottom is not horizontal, the sill height shall be measured to theGlosest point of the cockpit hottom.

s,min
Dimensipns in metres
Sailing monohulils Non-sailing boats and sailing multihulls
cgf:;%:s Fixed sill Semi-fixed sill Fixed sill Semi-fixed sill
Top of sill 4Top of fixed part| Top of mobile part | Top of sill Top of fixed part | Top of mobile part

hs min hs min/2 hs min hs,min hs min/2 hefmin
A 0,3 0,15 0,3 0,2 0,1 g.2
B 0,25 0,125 0,25 0,15 0,075 015
Cc 0,15 0,075 0,15 0,1 0,05 g.1
D 0,05 0,025 0,05 0,05 0,025 0,05

NOTE The above requirements may be raised by other International Standards, such as ISO 12217.

8.2.3 Requirements for companionway doors and appliances above sill height

Above sill level, whether fixed or semi-fixed, appliances complying with ISO 12216 shall be used to close the

openings, at

EXAMPLE

14

least up to A¢.

Doors, hatches, washboards.
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8.2.4 Other requirements

Semi-fixed sills and washboards shall have a device maintaining them in place, when in use, which shall at least be
operable from inside.

Semi-fixed sills and washboards shall meet the strength requirements of ISO 12216.
Semi-fixed sills shall only be detachable with the use of tools.

Provision shall be made for washboards to be stowed in a readily accessible specific location in the vicinity of the
companionway.

NOTE ‘Readily accessible” means capable of being reached quickly and safely without the use of tools.

9 Watertightness requirements

9.1 Watertightness requirements of watertight cockpits

All surfacgs of watertight cockpits up to 4 shall have a watertightness degree 1.
9.2 Watertightness requirements of quick-draining cockpits

9.2.1 Watertightness of the cockpit

All surfacgs of quick-draining cockpits up to /¢ shall have a watertightness degree 1.

The waterfightness degrees of the closing appliances shall be as required by Table 6.

Tlable 6 — Required degree of watertightness of quick-draining-cockpit closing appliarT:es

Location of the closing appliance in the cockpit Degree of watertightLess
Closing appliances on bottom and horizental areas 2
Closing appliances on cockpit sides up-t0 Ag min 2
Closing appliances on cockpit sides between Ag yin and 2 /g min? 3
Closing appliances on cockpit sides above 2 hg min? 4

NOTE 1 |The above.requirements may be increased in other International Standards, such as ISO 12217.

NOTE 2 [The abeve requirements only apply to appliances covering openings which give way towards the [nterior (non-
quick-draiping) part of the boat (see 6.2.2).

a

hs min P€ING measured from the nearest part of the cockpit bottom. Informative annex A explains how to consider the majn examples of
cockpit layout.

Hatches and appliances located in the bottom or sides of the cockpit up to 4g i, shall be fitted with seals and sills
at least 12 mm high, or tested as installed to watertightness degree 2 according to annex E.

The above watertightness degrees, if appropriate, shall be tested according to annex E.
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9.2.2 Permanently open ventilation openings

The lowest point of non-closable ventilation openings leading to water ingress in the interior shall be at least at a

height 2Ag i, or 0,3 m, whichever is the greater, above the cockpit bottom, and shall be watertight to degree 4.

NOTE This requirement may be increased in other International Standards, such as ISO 12217.

10 Owner’s manual — Documentation

A cockpit may be documented “watertight” or “quick-draining” in the owner's manual and any other documentation
only if it regpectively fills the requirements of this International Standard for the advertised design category
(categories) of the boat.
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Annex A
(informative)

Examples of single-plane cockpit bottoms
RN /

I6 6
- h~=0 A
l \ N j \ 8
2 e 8 2 g
\ i o

5 L 9 1

/
hs

: 1 " 1
p) General layout with semi-fixed sill b) Opentransom with semi-fixed ill
2 5 L 10 9 1 2711 5 L4 10 13 1

hs

WY | Ny
A R B

T / & Y

~— .

B — = \
)6 \ T 6
12
c) Bridge-deck with semi-fixed sill d) Raised sole with fixed sill
A
o o

e) Transom door with bottom gap f) Opening in the transom
Key
1  Waterline 8  Top of the fixed part
2 Cockpit bottom 9  Top of the mobile part
3 Overflow point 10 Bridge deck
4  Coamings 11 Sole or grating
5 Seats 12 Grating flowing section at least 3 times the drain section
6 Drain 13 No fixed sill if washboards exist
7  Access companionway
a

Hpg and hc measured at the centre of the cockpit bottom

Figure A.1 — Examples of single-plane cockpit bottom
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Figures A.1a) to A.1f) illustrate typical cases.

Figure A.1a) shows that Hg and /. are measured from the centre of the bottom surface. Sill heights are measured
from the closest point of the bottom.

Figure A.1b) shows that, if there is no cockpit water retention, 4 = 0 and the draining time is 0. A minimum sill
height is, however, required.

Figure A.1c) shows the case of cockpit with a bridge-deck.

Figure A.1d)

shows the case of a raised sole, such as a grating, which does not alter the sill requireme

the cockpit b
section. Figy

device. The grating flow section can be analysed using normative annex D, or the draining time can‘be m

Figure A.1d)
is no semi-fi
framing, whig

Figure A.1e)
closed. The
losses due t
requirementg

Figure A.1f)
transom, but

bttom. The grating shall in no way impair the efficiency of the draining, and shall provide an

gap between the door and its lower sill is considered to be a drain' freeing port, probably
b friction, according to its shape and size. Its dimensions may‘be largely sufficient for dra

re A.1d) suggests 3 times the drain section to consider additional pressure losses.inya

also shows that, unlike examples a, b, and c, the companionway door is made)of-washboal
ed sill, and the fixed sill is measured to the top of the bridge deck or the lowest.point of the
hever is the lower.

shows a typical motorboat with a door in the transom. If there is a.doof, it shall be consid

. But 7.1 (90 % of cockpit shall drain at 10° heel) may requiresan’additional drain on the port

Ehows the same boat with an opening in the transom. d*he boat may be considered to hav
7.1 may still require an additional drain on the port side,

nts above

hmple flow

multi-hole

easured.

rds. There
vashboard

ered to be

with little
ining time
side.

e an open

18
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Annex B
(normative)

Analysis of multi-level cockpit bottom

B.1 General

A cockpit nay have several different surfaces comprising the cockpit “bottom”, a cockpit bottom bei|||g a “surface
where water collects before being drained”.

Sill-height| assessment may be subject to various interpretations. The following interpretations als¢ cover "foot
wells" in frpnt of the main companionway that artificially raises sill-height measurements,

B.2 General basis of interpretation

B.2.1 Introduction
Sills are intended to prevent ingress of water into the boat when the €¢empanionway door or hatch is ogen.

In fair wegther, the semi-fixed sill is not assumed to be in place.and only the fixed part of the sill is avdjlable. In that
case, the amount of water that can enter the cockpit is moderate.

As the wepther and sea state worsen, the semi-fixed silkis raised. Then in bad conditions, where thg cockpit may
be filled up, the companionway door is closed.

The amoupt of water brought by an unexpected Wwave has to be evaluated.
A simple gvaluation is to suppose that this'wave fills the entire cockpit horizontal projection with a unjform layer of
water having a thickness equal to /g i The value of kg ., is related to the design category, i.e. with the severity
of the expgcted weather.

The analysis of the cockpit geemetry considers two instants in time:

— initially, when this wateris poured (instantaneously) into the cockpit;

— a few seconds later, when the water has flowed into the various recesses where it begins tp be drained
overbpard.

B.2.2 Initially

The water shall not reach inside the non-quick-draining part of the boat. For a cockpit bottom comprising a simple
plane, this is obviously the case as the sill height is g r,;, everywhere.

Consequently, each bottom plane shall have a local sill height of at least /g p,.

The definition of a bridge deck will make it ineligible as a bottom if its area is limited. Larger bridge decks may be
considered to be one of the bottom levels.

B.2.3 When water has flowed into all the recesses

a) The centre of the surface of the lowest bottom of these recesses shall be the point where Hg is measured.
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If a long time is required to drain the cockpit from a height of 4
the inside.

smins there will be a risk of water entering into

b) Therefore no significant amount of the water contained in these recesses shall flow into the boat.
This condition is met if the sills of the different recesses are above the level of the water contained.

This condition is approached if the drainage flow is at least equal to the flow passing through the companion-way
opening. The latter requirement will be considered to be met if the draining time is less than 0,05¢ as defined

in7.2.

max?

The requirenjents corresponding to the above interpretations are specified in B.3.

B.3 Requirements for multilevel cockpits

B.3.1 Minilnum local sill heights

Each one of the cockpit bottom planes shall have a local sill height of at least i iy for a fixed sill or Ag /2 for the
fixed part of & semi-fixed sill as defined in Table 5.

B.3.2 Geneéral cockpit bottom

The centre of surface of the lowest of the bottom planes shall be the point from which Hg is measured.

B.3.3 Local sill heights

It is assumed that the entire cockpit horizontal projection has been covered with a uniform layer of watdr having a
thickness eqpial to ig i, and that this water has flowed\towards the parts of the cockpit from where it is drained.

At this instanft, one of the following conditions shallbe met.

— Alternative 1: The local sills of the different parts are above the level of the water contained, and fulfil the
relevant|requirements of Table 5.

— Alternative 2: The local sills-fulfil the relevant requirements of Table 5 but are below the level of| the water
containgd, then the drainage.time to fully drain each part shall be less than 0,05¢,,,,.

If an area giles onto two-different parts, its water shall be considered as flowing equally into each part.

If an area givies ontozmore than two parts, its water shall be separated according to the proportion of each projected
area to the tqtal projécted area.

Some examp 4

B.4 Analysis example of different examples

B.4.1 Introduction

In the examples of B.4.2 and B.4.3, the calculations are made for a set of two drains with their outlet below the
waterline and no elbow, a case corresponding to the third line of Table 4.
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B.4.2 Example 1 (see Figure B.1a)

B.4.2.1

Non-sailing boat, design category C, Ly =8 m, B

Requirements

=2,5m, F\y=1m, hence Ly x B

max max

XFM:20 m3

Cockpit dimensions: 2 m wide x 2,8 m long x 0,65 m deep (the average cockpit height 4s = 0,65 m), hence: the

cockpit bo

ttom area is 2 x 2,8 = 5,6 m2.

The cockpit volume is 5,6 x 0,65 = 3,64 m3and k. = 3,64/20 = 0,182.

As the bod

tis in design category C, non-sailing boat: 7,5, = 0,6/kc = 0,6/0,182 = 3,3 min, and hg pi *

If two draifs are fitted, fef = 3,3/3,64 = 0,91 min and, according to Table 4, third line d ~ 80 mm.

If four dra
Table 4, d

For any
companio

As in mos

The cockp

Part A has

PartCis t

Part Bis t
C,ithas a

If the coc

ns are fitted, the cockpit volume per set of two drains will be 1,82 m3, 7= 1,81 min and,
~ 57 mm.

ason, probably to avoid any sill between the main cockpit level (part B of the cock
way opening, a "foot basin" covered by a grating has been installed by the boat builder.

motor boats, the companionway door is hinged or sliding, which constitutes a door with a se

it is made of three parts: A, B and C.
a bottom 2 m wide and 1,5 m long, hence an area S = 3 m2.
ne front "foot basin" and its bottom is 0,9 m-wide x 0,6 m long, hence S = 0,54 mZ2. Its depth

he rest of the cockpit, and its bottom aréa is the total bottom area minus the bottom areas o
p area Sg = 5,6 — 3 — 0,54 = 2,06 m2;

part A, and the rest into part C.

D,1 m.

according to

pit) and the

mi-fixed sill.

is 0,3 m.

f parts A and

pit is covered with hg ,in ¥0,1 m of water, half of the water in part B may be considered to flow into

The varioys plan areas, volumes'and height of water in parts A, B, C and Total are summarized in Table B.1.
Table B.1
Parameter A B C Total
Plan area,(m?) 3,0 2,06 0,54 5,6
Volumé-contained{m3-afterinitiat-fitingof 6:4-m 03 0206 0,054 0,56
Volume contained (m3), when B flows into A and C 0,403 0 0,157 0,56
Height of water in part C (m) after flowing 0,157/0,54 = 0,29

B.4.2.2

Volume C

Using Alternative 1 of B.3.3

is 0,3 m deep and will be filled up to 0,157/ 0,54 = 0,29 m, which is only 1 cm below the sill.

Consequently, if the drain size is "normal", i.e. four drains of diameter 57 mm, the sill of the foot basin shall be at

least 0,29

© 1SO 2001
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If the builder wishes the cabin entry to be easier, and the local sill of part C is to be 0,05 m, as allowed in Table 5
(top of fixed part) Alternative 2 of B.3.3 shall be used, since using Alternative 1 the actual sill height would be
considered too low.

B.4.2.3 Using Alternative 2 of B.3.3

Table 4 can no longer be used by the boat builder, as the requirement of Alternative 2 is full draining (Table 4
considers a remainder of 0,1 m). Normally, equation D.8 should be used but, for simplicity, equation D.3 is used.

The volume of 0,157 m3 contained in part C shall drain in #,,,, x 0,05 = 3,3 x 0,05 = 0,165 min = 10 s. Therefore, to
achieve a full drain of volume C within this time with a set of two drains, the drain diameter needs to be:

y
d:J4 9Mx Vg :\/4791><0,157_91mm

i Jie 016503

However, if |friction losses for outlets below the waterline and d~ 100 mm are conmsidered, Table|C.4 gives
C3 ~ 1,5, which means that the draining time will be increased by 50 %.

Consequently, the above formula should be computed with a draining time of 0,165/1,5 = 0,11 min, and fipally give

1
d 4791x0,157 —111mm

0j11x4/0,3

this is about fouble the 57 mm required by Alternative 1 (4 drains).
In conclusion], in the above example for part C of the cockpit;;one shall either

— use B.4{2.2 and have a fixed sill height 4 of 0,3 m with «normal drains» corresponding to the draining-time
requirement of 7.2, and can therefore have a grating covering area C with no «apparent» sill, or

— use B.42.3 and part C shall be fitted with two drains that are much larger (110 mm diameter in the|example),
and havg a local sill height /g /2 corrésponding to the relevant column of Table 5.

B.4.3 Example 2 [see Figure B.1b)]
B.4.3.1 Reguirements
The same ngn-sailing boat‘as specified in B.4.2, but the cockpit with only two parts, B and C.

Part C is the[same.as'in example 1 and Sg = 5,6 — 0,54 = 5,06 mZ2. If the cockpit is covered with 0,1 m of|water, the
volume containgd.in B will flow into C.

B.4.3.2 Using Alternative 1 of B.3.3
When the water has flowed from B to C, the volume flowing towards C will be 5,06 x 0,10 = 0,56 m3.

Volume C being 0,3 m deep, it contains, when full, 0,54 x 0,3 = 0,162 m3. The rest is still contained in part B and
the residual water height above the top of C is (0,56 — 0,162)/5,6 = 0,071 m. Hence the sill height shall be
0,3 + 0,07 = 0,37 m which is 0,07 m above the bottom of B, whereas with a one-level bottom this height %
would be 0,05 m above the same bottom of B.

s,min
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B.4.3.3 Using Alternative 2 of B.3.3

If the boat builder wishes to have the sill height equal to /g i, = 0,05 m from the bottom of C, the 0,56 m°
contained in the cockpit shall drain in the same 0,165/1,5 = 0,11 min as in Example 1 and the drain diameter of the
two drains shall in fact be

4791% 0,56

0,11x /0,37

In conclusion to the two prewous examples the use of Alternat|ve 1 may aIIow Iower SI||S from the bottom of
part B, thanks—te 1 OV vt eV At parts of the
cockpit.

=200 mm

Alternativg 2 allows the sill height &
drains.

to be used above the bottom of part C, but with considerably bigger

s,min

B.4.4 Exiample 3 [see Figure B.1c)]

B.4.41 Requirements

Example 3 corresponds to a typical catamaran layout (a sliding hatch intop of the roof would impair|the torsional
stiffness).

Ly=13m{ Bx=7m, Fyy=15m, hence Ly x Byay x Fyy = 136,5'mS3.

Cockpit dimensions:

Part C (foptwell): 0,6 m long, 0,6 m wide, 0,5 m S5c=0,6x0,6=0,36 m?2 Vc=036x05=0/18 m3
deep.

Part B (tog): 3,2 m long, 2,1 m wide, 0,4 m dgep:~ Sy = 3,2 x 2,1 - 0,36 = 6,36 m2 Vg =6,36 x 0,4 = 2,64 m3
Total Stot =3,2%x2,1=6,72 m?2 Ve=6,72x0,4+0/18 =2,87 m3
then k¢ = 2,87/136,5 = 0,021 andyfor a multihull in category A, 4 = 0,3/kc = 14,2 min, but limited to $ min.

Equation [D.3 gives

4791xVe 1 ﬂj = \/4 791x 2,87 {1 EJ =47 mm if there are two drains or 47 x 0,[f/07 = 33 if

dz\l_mxx/z { A kg 50,4 0,4

there jare’four drains.

For multihulls in category A, the fixed sill height Ag i, = 0,2 m, and this height, with a one-plane bottom, shall be
measured above the bottom of part B.

B.4.4.2 Using alternative 1 of B.3.3

The cockpit is considered to be covered with 0,2 m of water. If the drains of the upper level are not significantly
bigger than 47 mm, the great majority of the water of part B may be considered to flow into part C before being
drained.

Hence volume C shall contain 6,72 x 0,2 = 1,34 m3. As volume C is 0,5 m deep, it contains 0,36 x 0,5 = 0,18 m3.

The rest is contained in part B. The additional fill height is (1,34 — 0,18)/6,36 = 0,18 m, hence the sill height shall be
0,50 + 0,18 = 0,68 m above the bottom of C, and 0,18 m above the bottom of B.

© 1SO 2001 — All rights reserved 23


https://standardsiso.com/api/?name=41fc9ff81a08dcdb7a0774cef38ba461

1ISO 11812:2001(E)

B.4.4.3 Using alternative 2 of B.3.3

As the sliding door is a semi-fixed device, the required fixed part of the sill minimum height g ,;,/2 = 0,1 m. If one
wants to use this height, the 1,34 m3 contained in volume B + C shall drain in 5 min x 0,05 = 0,25 min, and to have
this draining time with two drains to fully drain it, the following is required:

d= \/4 917¢ = \/4 791x 1,34 =176 mm if there are two drains and 125 mm if there are four drains.

tvh 0,25,/0,68

In this case, the friction losses are very small due to the large drain size and discharge above the waterline with no
pipe.

However, if the two drains in part B are significantly bigger than 47 mm, e.g. 125 mm, half of the ¢olumg of B can
be considered drained overboard while the rest flows into C.

Using alternative 1, the fill height of water in C is 0,5 + [(6,36/2 + 0,36) 0,2]/6,36 = 0,61 m;

Using alternative 2, the volume to be fully drained by the drains of C is (6,36/2 + 0,36)0,2 = 0,708 m3, and

=d =132 mm if there are two drains and 93 mm if there are four drains.

Wh 0,25,/0,61

Consequently, the final requirement of Alternative 2 is four drains-with ¢ =93 mm in C and two drains with
d=125mm |n B.

d_\/4 191V _\/4791x0,708
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Dimensions in metres
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Figure B.1 — Examples of multi-level cockpit analysis
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Annex C
(normative)

Draining time calculation using tables

C.1 Introduction

The following method is an application of the theoretical calculations explained in normative annex D,

C.2 Step 1: Determination of ¢4, required maximum draining time

According to|7.2, determine t,,,, using the cockpit volume coefficient, kc = Vo/(Ly Baxtim)

max

tmax IS 0,3/kd in design category A, 0,45/k¢ in category B, 0,6/k¢ in category C, and “0,9/k in category D.

C.3 Step 2: Determination of 7, reference draining time

Calculate t,.4= t,,,/(Vc), Which is the reference draining time (withput*head loss) for a set of two drains.

refi

C.4 Step 3: Determination of coefficient C,

The coefficiept C, is due to the difference between k¢ and 0,4 m.
Enter Table €.1 with the value of 4 and find the-value of C,.

Remember that /¢ is the actual value for)drains above the waterline, but /¢ is the height from top of water in the
cockpit to thg waterline if drains are below the waterline.

Table C.1 — Values of C, as a function of /

he () 0,20,:0,30 (0,40 (0,50(0,60(0,70|0,80(0,90(1,00(1,10|1,20|1,30|1,40|1,50|1,60|1,70|1,80|1,90|2,00

C1 = (1 1it1,04) 0,83(0,98(1,00{0,99(0,97(0,94(0,91(0,89(0,86(0,84(0,82(0,80(0,78(0,77(0,75(0,73|0,72((,71]0,69

C.5 Step 4: Determination of drain diameter with head losses
The values used to enter Table C.2 are

tef/(C4 C,) for drains located above the waterline, Cs is given by Table C.3 or Figure C.1,

tof/(C4 C3) for drains located below the waterline, C3 is given by Table C.4 or Figure C.2.

26 © 1SO 2001 — Al rights reserved


https://standardsiso.com/api/?name=41fc9ff81a08dcdb7a0774cef38ba461

ISO 11812:2001(E)

The steps to follow are:

To obtain a first rough estimate of the drain diameter d, enter Table 4 in 7.8.4.4 with a draining time immediately
quicker than the above 7,4, and select a first corresponding diameter d.

With drain diameter d, expressed in millimetres, and drain length L, expressed in metres, enter

— Table C.3 or Figure C.1 if the drain outlet is above the waterline, and find C5,

— Table C.4 or Figure C.2 if the drain outlet is below the waterline, and find Cj.

Enter Table C.2 with #,.¢/C,C, or ,/C4C3, and find the diameter immediately superior to the one cornesponding to
the time rgquired. Interpolations can be made.

Table C.2 — Drain diameter as a function of #.¢/(CC,) of #,,;/(C4C3)

tref /(C1C2) OF et 1(C4Cs) 9,47 |6.06 [4,213,09|2,37 1,87 [1,52| 1,25 1,05{0,90 | 0,77 0,67 | 0,59 | 0,47 | 0,38 | 0,31 | 0,26(| 0,22 [ 0,19 0,17

Drain diameter (mm) 20 | 25 | 30 | 35 | 40 | 45 | 50 [ 55 | 60 [ 65 | 70 | 75 _|.80"| 90 | 100 | 110 | 120]| 130 [ 140 | 150

Drain section (pm?) 3|5 |7 |10[13 16|20 |24]|28]|33|38]|44|50|64]|79]|095]113[133]154]177

C.6 Example of calculation

A boat hag the following parameters:

Ly =8m, [Bpax =3 m, Fy = 1,3 m, cockpit volume Vi =4‘m3, he = 0,7 m, design category: B. There affe two drains,
L = 0,6 m,|discharging below the waterline.

Step 1; Calculate ks = 4/(8 x 3 x 1,3) = 0,128,.then 7,5, = 0,45/0,128 = 3,51 min for a category B boat

Step 2: Calculate .o = 11,54/ Vc = 3,51/4 %.0,88 min.

max

Step 3: Epter Table 4 with ¢, third.line: Two drains below the waterline, no elbow, with 7., = 0,9, anfl find d = 80.
As this value is somewhat congervative, d will be smaller.

— With ¢ = 0,7 m, Table\G:1 gives C; = 0,94.

Step 4: With d onersize smaller than 80, i.e. 70, Table C.4 (drain outlet below the waterline) for a dfain length of
0,6 m gives for d =70, C3 = 1,48.

—  Caleuldt®)t,;/(C;Cs) = 0,88/(0,94:1,48) = 0,63 min.

— Enter Table C.2, with #,4/(C4C3) = 0,63, and d will prove to be close to 77 mm.

In this example, one can see that, in many cases, the "rough" use of table 4 is maybe a little conservative (e.g. we
find 80 mm instead of 77 mm) but is much easier to use than the "exact" method.

For drain diameters much greater than 40 mm, the difference between the use of Table 4 and the exact method is
small. This would not be the case for smaller drain diameters.

Tables C.3 and C.4, and corresponding Figures C.1 and C.2 are for a draining system with two drains.
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Table C.3 — Values of C, for /i = 0,4 m and drain outlet above the waterline

Drain length L (m) 0,20 0,40 0,60 0,80 1,00 1,20
25 1,10 1,18 1,25 1,32 1,38 1,45
30 1,09 1,15 1,21 1,26 1,31 1,37
35 1,08 1,13 1,18 1,22 1,27 1,31
40 1,07 1,11 1,15 1,19 1,23 1,27
45 1,07 1,10 1,14 1,17 1,21 1,24
50 1,06 1,09 1,12 1,15 1,18 1,21
55 1,06 1,09 1,11 1,14 1,17 1,19
60 1,05 1,08 1,11 1,13 1,15 1,18
Drain 65 1,05 1,08 1,10 1,12 144 1,16
diameter
d (mm) = 70 1,05 1,07 1,09 1,11 113 1,15
80 1,05 1,06 1,08 1,10 1,12 1,13
90 1,04 1,06 1,08 1,09 1,11 1,12
100 1,04 1,06 1,07 1,08 1,10 1,11
110 1,04 1,05 1,07 1,08 1,09 1,10
120 1,04 1,05 1,06 1,07 1,08 1,09
130 1,04 1,05 1,06 1,07 1,08 1,09
140 1,04 1,05 1706 1,06 1,07 1,08
150 1,04 1,05 1,05 1,06 1,07 1,08
N
O
3 925
)/ NN S T S S S SN S S S S S S
@30
. /’/
Drain diameter-25 mm to 150 mm //
@40
@50
@60
@70
@80
@100
@120
@150

0,5 0,6 0,7 0,8 0,9 1 11 1,2
Drain length (m)

Figure C.1 — Values of C, for /i = 0,4 m for drain outlet above the waterline
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Drain length L (m) 0,20 0,40 0,60 0,80 1,00 1,20
25 1,49 1,55 1,61 1,67 1,72 1,77
30 1,48 1,53 1,57 1,62 1,66 1,71
35 1,47 1,51 1,55 1,59 1,63 1,66
40 1,47 1,50 1,53 1,57 1,60 1,63
45 1,46 1,49 1,52 1,55 1,58 1,60
50 1,40 49 51 .53 1,50 1,58
55 1,46 1,48 1,50 1,52 1,54 1,57
60 1,46 1,47 1,49 1,51 H53 1,55
dig::(i;t]ef 65 1,45 1,47 1,49 1,51 1,52 1,54
d (mm) 3 70 1,45 1,47 1,48 1,50 1,52 1,53
80 1,45 1,46 1,48 1,49 1,50 1,52
90 1,45 1,46 1,47 1,48 1,49 1,51
100 1,45 1,46 1,47 1,48 1,49 1,50
110 1,44 1,45 1,46 1,47 1,48 1,49
120 1,44 1,45 1,46 1,47 1,48 1,49
130 1,44 1,45 1,46 1,47 1,47 1,48
140 1,44 1,45 1,46 1,46 1,47 1,48
150 1,44 1,45 1,45 1,46 1,47 1,47
S
1,8
______ @25
Drain diametér25 mmto 150mm | | | | | | | .
T e AN SN SN SN S S L1 1 D330

Figure C.2 — Values of C; for /i = 0,4 m for drain outlet below the waterline
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