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Abstract

A short sea Roll on Roll off ship could have
either (a) internal access like internal ramps and/
or elevators for transfer of cargo between decks
or (b) no internal access for which a shore based
link span connectable to both decks would be
needed. The lengths of the ship and shore ramps
that are needed for uninterrupted cargo han-
dling depend on ships threshotd variation, ridal
variation at ports, ramp gradient and the thickn-
ess of the ship ramp outer end. Some formulae
have been derived in this paper on the basis of
BSI standard to determine the length of ship-
shore ramp for varying tidal variation at ports,
Some cases hava been studied showing the use
of th; formulae. The tormulae would be useful
to N*aval Architects in the eally stages of design
of Ro Ro ships and also to Ro Ro owners and
operators in deciding how much ramp would be
needed in the ship and/or shore.

lntroduction
During the recent rapid growth of Roll on/Roll

off shipping, certain comptibility probiems have
arisen in the ship/shore interface. This problem
has been stud ied by different interinational
organisations in order to harmonize the interfaco
between terminal and ship. ln 1966, PIANC

(Permanent lnternational Association of Naviga-
tional Congress) gave a report which had a three
fold objective1l.l. These are (a) to lay down
such standards of dimensions and principles of
construction as would permit full interchangeabi-
tity of ships between terminals, (b) to standardise
in so far as it may be advantageous to do so,

principal components of the site installation (c)

to prepare a baslc specification of levelling con-

ditions and requirements with a view to its
adaption by shipping lines and their naval archit'
ects 8s a standard. ln 1971 PIANC set up an

lntetnational Stucjy Commission to study the
prcblem in more detril and to put forward a

further recommendations arising from the deve-

lopment and changes in operational requirement
and ship design that had taken place since the
1966 report. Among other findings and recomm-
exdations of the PIANC study commission, two
classes of ships were proposed : A-draft not
exceeding 6.0 m mimimum depth of wator at
tho berth at low water of 6.5 m, B-draft in axcess

of 6.0 m, capable of accommodating ships with
draits of up to 12.0 m for which the minimum
depth at low rvater should be 13.0 m. Maximum
gradient of t in 10 was preferred.

ln October 1976, IAPH (lnternational Assoc-
iation of ports and harbours) published a report
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on thls problem. lnstead of classirtg the ships,
lhey snggested different classes of shore ramps
on the assnmption that ships can cope with
their own threashold height variation together
wilh a veriation in water level of up to 1 .5 m

wlthout the need l0r assistanca from a moveable
bridge ramp. At this stage it was felt
that coordination should be made between
,litferentorganizations involved in the studv of
the problem and also an international standard
in this regard woule bo necessary. An intern-
ational standard body was set up and a dralt
ploposal was made for an international standard
for Roll onlRoll off ship to shore connection (2).

This proposal was based on the replies of lhe
queslionnaires sent to different Ro Ro ship
owners and pon operators. The data of different
ship and shore ramps collected from the replies
was compiled 11). This broughf together for the
first time techniaat detaits of ovel one thousand
Roll on/Roll off ramps ln ports and on ships
throughout the world, ln lgB0, the BSI ( British
Standard lnstitution ) made a draft standard (3,
which is identical to the draft internarional
standard. The aim of this international standard
is the harrnonization ol ths interfaca between
the terminal and the ship and to lay down
certain major dimensions and principtes of
design eoncerning the Roll on/Roll off ship to
shore connection. ln the absence of any other
standard with regard to ship/shore connection,
this draft proposal has been used to f ind out
the ship/shoro ramp lengths. ln a short sea
Roll on/Roll off ship there could be alternarive
combination of length of ship ramp and shore
ramp that would be needed for uninterrup-
ted cargo handling. The tength ol ship/shore
ramp is again inf luence<J by the tidal
variation if any at the ports. ln case of two
deck link span system which dooen.t have
any inlernal access between tho decks lhe shore
ramp is to cope up with the variation of threshold
height due to draft variation of the ship during
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catgo handling and also the tidal variatlon i f any

at the ports. ln this cass the ship will have no

stern ramp but only a stern door to be placcd on

the adjustable link span in the shoro. An alter-

nativs is to having no shore ramp but a ship ramp

for a tidal range upto 1.5 rn and having a com-

bination of ship ramp and shore ramp for higher

tidal range, The object of this paper is to show

the methodology for f ind ing tho alternative

combination of ship/shore ramp for different

internal access option and for varying tidal ranges

on the basis of the standard laid down by BSI'

Some caso studies have also been shown'

Alternatlve Ship/Shore Ramp According to
BSI $tandard

It has been proposed that ships should be so

equipped that they are able to cope with their

own threshold height variations together with a

variation of water level relative to the shore ramp

of at least 1.5 m total. Any greater variation than

1.5 m in total should be compensated for by the

terminal providing shore facilites called link span

operating in all weathers and in some of the

highest tidal ranges in the world. The link span

calls for limited site construction-a steel pile for

the hydro statically operated slewing arm and a

simple concrete seating for the shore and hinge

very quickly, the outer end can be adjusted vdrti'

cally and laterally by operation of the slewing
arm and blowing or fllling of the buoyancy tank

to suit the beam and fre-"board ol the approaching
vessel. Terminals with a normal waterlevel var-

iation of less than 1.5 m in total may provide

berthing facilities with fixed shoro ramps to rece-

ive ship ramps. Thus. there can be a number of
alternatives depending on the amount of water

level variation at port. lf the water level variation

is less thaniequal to 1.5 metres in port, the
systern can have sithel.
(i) A shtp ramp to cope with the tidal variation

and ships own threshold height variation

with a lixed shore ramp and internal ramp

for lift withln the ship or.
(ii) no ship ramp but an adjustable shore ramp

Mech. Engg. Res, Bull, Vol, 10. (1987)



to cope with the tidal variation. ship,s own
threshold height variation and the depth
between upper and lower decks of the ship.

lf the water level variation is more than 1.5
metres, the system can have eithor.

(i) a ship ramp to cope with the ships own
threshold height and a tidal variation of 1.5
metrs. with an adjustablo shore ramp to
cope with the remalning tidal variation and
internal ramp of llft within the ship or

(ii) no shlp ramp and an adjustable shore ramp
to cope wirh the total tidal variation, ships
own threshold height variatlon and tho
depth bstween the upper and lower decks.

Fixed and Adjustable shore Ramps
Two classes of fixed shore ramps have been

proposed when the normal water fevel, varlation
is less than 1 5 metres. This situation allows
ports sorne flexibility when constructing fixed
shcre ramps and imposes no furthet restrlction on

ships complying with the requirements of this
standard. This enables a port authority, whlch
for one reason or another wants to have one
single ramp. to accommcdato ships with low as

well es high throshold heiglrts to some extent
and depending on the ships expectod to call at
the terminal to make a choice between class A

and class B rarnps.

Class At3) comprises fixed shore ramps for

ships where the outer end of tho ship ramp can

roach the levels of 0.25 m to 1.75 m above water

line in all loaded conditions (see Fig. 1;.
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Fig. 1 Fixed shore ramp class A
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- _ 
Class B(3) comprises tixed shore ramps for

ships where ths outer end of the ship ramp can
reach the levels of 1.S m to 3.0 m above water
line in all loaded conditions (see Fig. 2).
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Fig. 2 Fixed shore ramp class B
The gradient of a fixed shore ramp shorewards Adjustable shore ramp

of the ship rarnp normal landing area shouid be The outer end of the adjnstable shore ramp, at
timited under normal circumstances to 1 : 1O the interface limit line, should be able to be kept
for the section of the ramp over which cargo is at a.heig.ht of 1'7 m above the tow normal water

level and 1.b m above high normal water tevelmoved. (sae Fig 3).
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Doriuation of formula ,for caleulating length
of ehip ramp and shore ?amp.

Ihe length of ship/shors ramp is normally
governed by the tidal range ; the variation ln
freeboard of the vesseles likely tn be used and tho
maximum operatlng gradient for the vehicles. ln
order to provide the best fit for the two classes of
fixed shore ramps, the longth of the ship ramp
can be calculated as fotlows in relation to the

threshold helght when the ship is in light and
loaded conditions and at high and low normal
water levels. According to ref{3)
For Glsss a ramp (See Fis.4)

TLl:o'75* ff*,+LsR/c ., (1)

TL2*0.2S*TIDR+I- LSR/ G Q,
The maximum of the values.LSR found from

Eqns. 1 and 2 is the length of ship ramp that
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will be needed for a tidal varitlon greatet than From equation g (multlplying by 10G)
1.5 m and with Clase A fixed ramp at shore. 10G (DHl-DRMIN):2X10G+(LSR-O)G 

"r-1[10GAccordlng to rof 13, +LSR X 10

For class B ramp (See Fig.4)

TLI -r* ttf;t 
,- , *LSR/c (3)

or LSR{G+10)=10G(DH1 - DRMIN)- 20G+6G-
1orc

lOGTDHl - DRMIN _14G_1OtGoruurr:F-(11)
TL2:1.5+TIDR+ t -. 

LSR/G U) Multiplying both sides of equation 10 by G

The maximum of the values of LSR found from (DH1 DRMAX) G:1.5 G)+IG-LSR,llDR X G

Eqn. 3 and Eqn. 4 is the tength of the ehip that or LSR:-1DH1 DRMAX) G+t.S(C)+TIDR X

will be needed for o tidat variation grearer than G+t G (12)

l,Smandwithclass B fixeCrampatshore. Thereforethetongfr\of theshipramp thatwillbe
Now from Egn. 1 and Eqn. 2 replacing required in case of a fi,xed shore ramp class B is

or LSRxG+LSRx10 - DHl-DRMTN)xl0G-
O.75xl0G+ 6G_10G 

r!/^ rve- However it does not mean that the sama

or LSR rG+r')=,DH'-DR\,'N) x loc-7.sc ;:5 ;li"':::t:r:t"r;il:tJ::";:';: J:J::
+ 6G-1OrG

or LSR : ( DH I - pRM I U) x 1 gc-l.sc -r otc- ( ?) iltlj',"H ffT,"ffi:"i"::11 ::""::'j;llG+to
Murtipying Eqn. 6 by G the tidar variation and its own rhreshord height

. (DHl-DRMAx;G=10.25+TIDR) G+t G - LsR and it will be facilitated bv the appropriate

* | "r rsn: - .*;i ffi;i; ;itb.tS*rionl class of fixed shore ramp at the terminal'
I

i O+, C ' (gt Calculation of the length of the adiustable
1 fne length of the ship ramp that will be requ. shore ramp (lnternal accoss option)

ired ln the case of a fi,r,ed shoro ramp class A is As has been mentioned earlier. terminals

TLl by DHl-DRMIN
and TL2 by DHt - DRMAX

DHI -DRMTN :0 75 *€Hg+t+- LSR/G (5)

DHt - DRMAX:0.25+TtDR+t - 
LSR/G (6)

Multiplying Eqn. 5 by 10G

DHl-DRMAX-1.5+TtDR+t-LSR/c 
(10,
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the maximum of thh values.

1 3G.DH I -DRMIN)-14G - lorc

ANd -(DHl _DRMAX)G+1.5G+TIDR X G+tG
It may be metioned here that as the choice ol

the fixed shore ramp will dep:nd on the ships

lhreshold height and the tidal ranges at port,
(DH1- DRMIN)x 10G*0.75 x 10G+1LSR caretut choice is needed to keep the ship rarnp

-6txG+10t G+LSR x 10 length minimum.

lhe rnaximum of the values. with a normal water level valiation greatet

tDHl-DRMtNi X l0G-1.SG-tCt G) than 1.5 m shall provide on shore an adjustable

shore ramp, with a range ol movement' that

and -(DH1-DRMAXI G+(0.25+TIJR)Grtc reduces ths net water level variation with res-

Now from equation 3 And equation 4 relpacing poct to the shore ramp to not greater than

TLl by DH|-DRM|N and TL2 by OH/-OnrureXv 1.5 m. From fis. 3 it is clear that tho length

DHr-DRMTN:r* "l;u {-t+LdR/c (ri 
\:;,'l;"::':;T3;;t;: 

iril3 r.*"' 
cepend on

Now VDIS 1:1.5- HH

VDIS 2-TIDR -1 75+HH

(13)
(141
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The a)ove calculation for the length of the ^i,adjustable shore ramp has been r.a" """oroi"o 
All 

-tho 
formulae required

to Ret. (2) and (3) whlch sav that the adlusl evaluations are then known.

table shore ramp is only needed when the tidal CASE STUDIES

So the length ol the adjustable shore ramp
wlll be, from Eqn. 13 and 14.

LASR:1.5-HH)xG (15)
LASR: cX TIDR I .75+HH) 

' 
16)

Now the maximum of the values of rhe right
hand slde in equation 15 and 16 is the req.
uired length of the adjustable ramp.

Length of the adjustable shoro ramp con.
nectable to both decks of the ship ( No
internal access system )

Case 1.

No tide at both
ports

Case 2

conneclable to both decks of the ship where
the ship has neither any external nor any intelnal Case 1 No tide
access equipment. This shore ramp has to cope Case 2 2 m tide
with the total of the threshold variation of the Caso 3 4 m tide
ship, the tidal variation, if any and the height Caso 4 O m tide
between lower and uppor decks. The shore

ln the prevlous casos. The location of the ramp
hinge over the high water levet at port will
be in such a position that the vertical distanco
of the hingo from the upperdeck of the light
ship at high water level is equal to vortical
distance of the hinge from the lower deck ol
the loaded shlp at low water levsl The length
of the shore ramp in tlris case is

(DH2.-DH 1 +TIDR+ DRMAX- DRMIN)
LASR 2

2

x G (17)
for tanrp length

t:0 2, G-6
SHIP PARTICULARS
DH 2 -10.6
DH 1:5.9
DR MAX:5.0
DR MIN:3.0

Case 3

range is more than 1.S metres and this only to According to the formulas derived in lhe
reduce the net water level variation wlth respec, last section fout cases have been Eludied for
to the shore ramp to a maximum of 1.5 m determlning ship-shore ramp for both of syslsms
which is to be coped wlth by the ship ramp. having intetnal accsss and no internal access.

But another alternative could be shore ramps PORT COlIDlTlOttl Forailcases HH:0.b,

ramp will in this case be much longer than The resuits have been shown in Table 1.

Table - 1. Length of ship-shore Ramp for Dilferont lntornal Access option and
varying tidal ranges.

2m tlde al bolh 4m tide al both
ports ports

Case 4i
6m tide at both
polls

length of length of length of lerrgth otINTERNAI.

ACCESS

OPTION
Ship sbore Ship
ramp ramp (at ramp

both
porrs)

Ship
rdmp

Shore Ship
ramp (at ramp
both
ports)

shore

ramp (at
both
ports)

shore
ramp (at

both

Forts,\

two deck
link span

l Nointernal
access)

33.5m
(Eq.17)

43.5m
(Eq.17)

53.5m
(Eq.17r

63.5m
(Eq. 17)

lnternal
Aocess

System

12,75m 10m

(Eq. Z (Eq.l5
and 8) and 16)

12.75m 27.5n
(8q.7 (Eq. 15

and 8) and 16

12.75m 47.5m
(Eq.7 (Eq, 15
and 8) and 16)
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Gonclusion
The object of thls paper was to show tho

msthodology for calculatlng the length of ship
ramp and shore ramp for short sea Roll on Roil
af ships havlng no lntelnal access between
decke and havlng that bstween decks for varying
tldal ranges in the ports. This has been accc-
mplished and lt has been shown that for any
speciflo tldal range a Ro Ro operator would
have a cholce of having all ternative ship-shore
ramp combination.

The basls of derlvatlon of the formulae ie

the standard laid down by BSI which is iden-
tlcal wlth the ln?ernatlonal draft standared based

on tha replies of the questionnaires sent to dlffe-
rent Ro Ro ship owners and port operators.

The formulao that have been derived in thls
paper could be successfully used for deciding on
the external acce$s option in the Ro Ro ships
which should be based on the tength of the shipl
shore ramps thsir costs and utilization. The
author feels that the methodology derived in this
paper could be helpful to Naval Architects in
their eady stages of design of Ro Ro shlps and
also to ship owners, port operators and equipment
manufscturers for profitable operatlon of their
trades.

Nomenclatrrrs
DHl Height of lower deck from keel

(metres)

DH2 Height of the upper deck fiom keel
(metres)

DRMAX Loaded draft of the ship (metres)

DRMIN Llght draft of the shlp imetres)
G lnverse of ramp/link span gredient
HH Height of the hinge of adiustable

shore ramp over high water level

LASR Length of adjustable shore ramp for in'
ternal ramp and lift options (metres)

LASR2 Length of adjrrstable shote ramp connec'

table to both decks (metres)

LSR 'Length of the shlp ramp (metres)

t thickness of the ship rarnp outel end

(metre)

TIDR Tidal range at port (metres)

TLl Llght ship threshold height (metre)

TLz Loaded ship threshold height (metre)
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