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Construction and  Classification ofChemicalTankers  t
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a-field  aspect  in accordance  with

 co nstruction  and  surve)J

the IMO  BCH  Cbde

including

and  IBC  Code

oj Shosuke Kakubari rk

  The  design and  constntction  technigues involved in b"ilding chemical  tanleers are  characterized  to combine

already  established  and  conventional  methods  of an  extTemely  ntde range  in a  comPtexed  but efficient wq)J.  Further,

soine  ntnds ofintemational conventions  and  codes,  which  have  been established  and  improved ofter the beginning

of the 1970's and  incotl]orated into the nationat  regulations,  have been apt)lied to the chemical  tanleers. in this

PaPer, sPeciat  foatures and  comPlexity  of the chemical  tanleers are  summari2ed  as  fbr the basic design of the cargo
containmentlhandting  system,  constntction,,tield  suTvey,  maintenance  and  Periodical inspection dier the delivery.

1. Introduction

  Since the corning  into force of IMO  Resolution A. 212

(VII) "Code

 for the Construction and  Equipment  of  Ships

carrying  Dangerous  Chemicals  in Bulk"  (hereinafter
referred  to as  the  

"BCH

 Code") on  April ]2, 1972, with  all

amendments  thereto up  to the 10th, these requirements
have been incorporated into the nationa]  regulations  of a

number  of  administratiens  as  a  single  and  sole  set  of  the

international regulations  governing  the construction  and

equipment  of chemical  tankers, and  are  being wide!y  used

by those shipping  and  shipbuilding  concerns.  It is now

anticipated  that the provisions of  the BCH  Code have

already  been introduced to Regulat'ion 13 (3} of MARPOL
73178  Annex  ll "Regulation

 for the Control of Pollution

by  Noxious  Liquid  Substances  in Bulk" and  will  exert

mandatory  pewer  as  a  part of  the said  Convention  in the

near  future.
  In the 2nd  revision  of the SOLAS  1974, which  came

into foree on  May  25, 1980, a  decision was  taken in the

manner  with  which  tbe provisions of the BCH  Code will

be introduced to the Convention so  that they serve  as the

mandatory  requirements  under  the  SOLAS  Convention  as

clistinct from the  previous  mode  of  implementation, where

they were  referred  to by respective  administrations

merely  on  a  recommendation  basis, In this  work  of

revision,  the  BCH  Code  was  converted  into the  
"Interna-

tional Code for the Construction and  Equipment of  Ships
carrying  Dangerous Chemjcals in Bulk" {hereinafter
referred  to as the 

"IBC
 Code") and  coordination  ot the

requirements  of  these two  Codes is now  being  worked

out.

  Chemical  tankers built during  the  1970's and  since

were  designed and  constructed,  in most  case,  in accord-

ance  with  the requirements  of  the BCH  Code. However,
we  must  pay  due  attention  to the new  set of  requirements

oi  the IBC  Code whenever  we  are  involved in decisions on
future shipbuilding  plans,CV

  A  number  of chemicar  tankers have  so  far been buirt to

the requirements  of the BCH  Code in Japan. The total

number  of  NK-classed chemical  tankers  at the end  of

September, 1984, including those under  construction,  is

166. Given in Table  1 are  144 of  these  chemical  tankers

classified  according  to ship  size,  ship  type  and  cargo  tank

arrangement.

  Chemical tankers  built in Japan are  predominantly  in a
deadweight range  from  3,OOO to 15,OOO tons,  of  which

Type  ll a"d  Type  M ships  assume  the  majority.  The

Japanese-built chemical  tankers  are  generally  of the

medium  and  small  sized  for medium  range  trade service,

in preference to large, exclusive  parcel chemical  tankers

employed  in world-wide  service.

  As distinct from  the case  of design and  construction  of

liquefied gas carriers,  where  the application  of highly
sophisticated  shipbuilding  techniques  is indispensable,
those  required  for chemical  tankers feature the  optimum

and  eomplex  combination  of  more  conventional  shipbuild-

ing techniques, enabling  the shipowner  te have a  ship

capable  of loading and  carrying  diverse cargoes.  In other

words,  the  structural  elements  of  the  hull (cargo tanks)

of  ordinary  multi-purpose  chemieal  tankers, except  for

special  carriers  of specified  chemieals,  basi¢ ally  cliffer
little from  the case  of general oil tankers, only  the cargo

tank arrangrnent  and  tank  capacity  distribution consti-

tuting the differences between  them. Also, the compo-

nents  involved  in the cargo  piping arrangement  for

*Machimery  Department

t 1his pa pur /s a part of  the  lectvre /n 
"Nationa1
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 nnd  IMO.
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chemical  tankers are  basieally similar  to those for

ordinary  oil tankers. The  distinguishing features lie in
the  greater number  of piping systems,  diversified piping
connections,  the  complexity  in system  segregation  and

the special  materials.

  The  purpose  of  this paper  is to establish  the mutuat

relationship  between  those  design elements  for chemical

tankers, ahd  at  the same  time,  to indicate special  aspects

in the construction  and  equipment  of  chemical  tankers  by

$ummarizing  the design, construction  and  classification

survey  differences from  general oil tankers.

2. Basic Design

2.1 Selection of  tank  type  and  tank  arrangement

  In ordinary  cases  of  basic shipbuilding  design, the type

of  cargo  constitutes  one  of  the given  principal  design
conditions,  together with  the principal  dimensions and

cargo  deadweight  of  a  ship.  This  also  holds true  in the

case  of  chemical  tankers. Particttlarly, in chemical

tankers, both the BCH  Code and  IBC  Code prescribe the

requirements  for the construction  and  equipment  accord-

ing to the properties of cargo  chemicals,  and  no  assess-

ment  of  damage  stability  affecting  the  determination  of

the principal particulars of  a  ship  can  be made  without

establishing  the loading plan of the cargo  chemicals

intended to  be carried.

  Determination (or assumption)  of  the  kinds and

quantities  of  cargo  represents  the  most  important point of
consideration  for both the designers of  the ehemical

tanker  and  the  shipowner,  and  it is necessary  that  a basic
agreement  is reached  between  these  parties at  the  initial

planning  stage  of shipbuilding,  In chemieal  tankers,

additions  and  modificatic}ns  to the cargoes  in the course

of  design may,  in many  cases,  require  a complete  revision

of  the basic plans.

  By determining the kinds and  quantities of  cargo,

outlines  of  the basic conditions  fQr the construction  and

equipment  created  under  the requirements  of  the

BCH/IBC  Codes and  those  of  owners  can  be grasped.

  Fig. 1 is a  flow chart  shewing  the  basic design

procedure  for a chemical  tanker, The check  points  shown

on  the  flow chart  not  only  represent  those  for design but

also  those for approval  of  the design by  an  adrninistration

or a classification  soeiety.

  At  the first stage  of the initial design, the basic

properties of  each  cargo  chemical  extracted  from  the

cargo  list submitted  by  the owner  should  be classified,

followed by correlating  the general  and  special  require-

ments  under  the BCH/IBC  Codes according  to the

properties of each  classified  group. In this case,  erassi-

fieation should  at  least be devetoped in such  a  way  that

the existence  and  degree of  the  following physical and

chemical  properties are  categorized.  Through this proce-
dure, the  cargo  tank  construction  and  arrangement,

which  are  the  basic need,  can  be determined.

NK  TECH. BULLETIN 1985

Specific gravity  and  vapour  density
Vapour pressure  and  boilling point

Melting point
Reaetivity (self-reactivity and  reactivity  with  other

substances  including air and  water)

Toxicity
Flammability

Corrosivity

  From  the information of  specific  gravity,  vapour

pressure  and  melting  point, selection  of  independent-

gravitylor-pressure  tank  or  integral-gravity tank becom-

es  possible. From  the reactivity  and  toxicity  information,

the  necessity  for segregating  tanks and  connected  piping

lines to handle a cargo  with  these properties can  be
verified.

  At the second  stage  of the initial design, a preliminary
cargo  loading plan is drawn  up.  The  physical and

chemical  properties of  the cargo,  its compatibility  with

the structural  members,  the maintenance  of  cargo  purity,

various  piping layouts and  many  other  design elements

interweave in an  extremely  compiex  manner,  and  hence,

in-depth assessments  are  necessary.

  The  capacity  of each  cargo  tank  and  the tank arrange-

ment  are  determined by  the service  route  of  the  ship  and

by  the kinds and  quantities of  cargo  to be carried

simultaneously  in a voyage.  In the case  where  the

integral-gravity type  has been  selected  as the cargo  tank

construction,  severat  alternative  eombinations  of  tank
arrangment  can  be considered  as  given in Note 4) of

Tabie  1. To  determine  the  tank  arrangement,  proper
balanee between  structural  hull strength  and  adequate

distribution of  cargo  tank  capacity  compatible  with  the

intended cargo  quantities to be carried  must  be estab-

Iished in conjunction  with  the shipowner.

  At the same  time, considering  the cargo  weight

distribution and  tank  arrangement  so  far developed,

computing  the damage stability  of  the ship  must  be

attempted  according  to the preliminary  cargo  loading

plan  under  several  worst-case  eonditions  so  that the

critical value  can  be ascertained.

  The  points of  consideration  at  the second  stage  of

initial design  are  also  as  shown  in Fig. 1. The iollowing
items should  also  be assessed  in the  mean  time, giving
due consideratiun  to the references[2'[3)  made  public sQ

far and  past experience.

(O Cargoloadingtakingintoaccountthechemical
    properties of the  cargo/

    {a) Dangerous  reaction  with  other  cargo

    (b) Dangerous reaction  with  air  and  water

    {c) Separation of toxic products  (separation from

       other  cargo  or  from fuer oil)

(ii) Cargo  loading taking into account  the cargo

    tank  strength,  tank  type and  structural  mate-

    rials:
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   {a) Specific gravity  of  the cargo  and  tank  structural

       strength

   {b) Tank  structural  strength  when  half-full

       (consideration against  sloshing)

   {c) Cornpatibility between the cargo  and  tank

       structural  materials/tank  lining materialsfor

       coating  materials

   Cd) Necessity  for controlling  the temperature

       andlor  pressure  of  the cargo

   (e) Necessity for environmental  control  of  the

       eargo  containment  system  (inerting, drying,

       ventilation  or  padding)

   (f) Physical properties of  the cargo  chemicals

       related  to tank cleaning

(i") Separation ef  the  cargo  frem  sea  water  and

   outer  shell  plates (Regulatory requirements  by

     Table 1Statistics  of  chemical  tankers  classed  with  NIPPON  KAIJI  KYOKAI

(at the  end  of  September.  1984, including those under  construction)

    ship  type  and  those against  inorganic acids)

(iv) Fillinglimitsforcargotanksandthernaximum

   estimated  cargo  yolume  to be canied

(v) Damage  stability  considerations

  In making  assessments  on"(ii)Cargo  loading taking  into
account  the  cargo  tank  strength,  tank  type  and  structural

materials",  it is suggested  that such  loading conditions
should  preferably be used  for considering  the initial

cargo  loading plan when  the  number  and  capacity  of

cargo  tanks with  specia]  construction  (e.g., cargo  tanks

with  an  increased structural  strength,  cargo  tanks with

thermal  insulation, cargo  tanks using  speciaL  materials)

are  needed  to be determined  most  economically.

  In cases  where  the cargo  loading plan is to be

determined for a chemical  tanker, items of  general
considerantion  for ordinary  merchant  ships  such  as  the

         (NK) and  applied  with  the BCH  Code

TotalnumberShiptypel)Numberofcaigoproducts Typeoftankconstruction4)
Sizeofchemicattanker
<Deadweighttons) LI&IIIIIIMEx.Mean3)Min.I･IIID-EI-IIIDIIID-EIIIDOthers

DWT<3,OOe 5 2 39140(11,8)1 2 1 o 1 1

3,ooosDwT<7,ooer 63263714461US.9)3 6241313 7

7,ooosDwT<le,oooJ 28171111g53.3(IS.5)41110 5 o 2lllo,oeesDwT<ls,eoor 1911 820152.3(16,1)17 311 4 o 1

15,OOOSDWT<20,OOOr 1514 111866.9(17.6)2 o12 o 1 2

20,OOOSDWT<30,OOOr 9 5 4ilg42,1(15)2 o 6 o o 3

3o,oeosDwTT 2 o 2 74.SU.5)2 o o o e 2

Exclusivepurpese

chemicaltanker2)
4 o 4 - - - 1 1 o o 2

Total L4S7570 - - - 236S221520

Notes/1)2)3)4)Ship's type  according  to the BCH  Code

Three  liquid sulphur  carriers,  one  aqueous  ammonia  carTier

( )shows number  of  dangerous chemieals  designated by Chapter VI of  the

BCH  Code,
Types  of  cargo  tank  construction  "ntegral-gravity) are  as follows:

             --. L.."..

            b/ .×

     1 t.M  D･ II II･IIID
  L....      1 .----1

              ×

F--i'kx

×
//t'/t

･--1't/'
'

×ttI.IHS-""1

×

t.'ttt]

'× '

.----7

kN
･

×

/･><'
'x'

       II-IIIS IIiD  IIIS 11rC

`'E"'
 denotes  a  type  of  the ship  with  an  expansion  trunk, e.g. I-E, I'III D-E etc.

---
 represents  the cargo  tank,
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intact stability,  trim and  longitudinal bending  moment

should,  of  eourse,  also  be assessed.

  When  the  number  of  cargo  chemicals  is large, it is
convenient  if they  are  categorized  into appropriate

groups  and  a  loading plan  is assessed  for each  classified

group  of cargo  chemicals.  If the  ctassification  of  cargo

chemicals  is developed in such  a  manner  that they are

grouped  into those  with  similar  specific  gravity, reactiv-

ity and  degree  of danger, the requirements  of  the

BCH/IBC  Codes may  be better served  with  ease  of

investigation and  evaluation.  However,  any  attempt  at

making  a  too meticulous  classification  can  result  in the
loss of  significance  of  grouping  effect,  and  hence,

elassification  into the following cargo  groups  is recom-

mended/

   [I] Group  by specific  gravity:

   Classification of  eargo  chemicals  into groups  in

   specific  gravity  increments of  O.10 to O.20

   [ll] Group by reactivity:

   Classification of  cargo  chemieals  into groups  of those

   with  similar  reactivity  against  cargo  chemicals  of

   other  groups  or air/water

   [M] Group by toxicity:

   Classification of  cargo  chemicals  in accordance  with

   the toxicity rating  according  to the  provisions of  the

   BCHIIBC  Codes

   [IV] Group  of  special  chemicals:

   Cargo  chemicals  in this group  represent  those requir-

   ing special  conditions  whieh  are  different from

   chemicals  of other  groups  and  which  should  be loaded

   only  into specified  tanks, These should  be dealt with

   independentry without  being grottped (e.g., propylene

   oxide,  carbon  disulphide, liquid sulphur  and

   phosphorus)

  This grouping  can  readily  be made  if the list of cargo

chemicals  is referred  to, which  tabulates the basic

properties of  each  cargo  ehemical  as dictated by the

applicable  provisions of the BCHIIBC  Codes at  the first

stage  of  the  initial planning.
  One of  the distinct features of  chemical  tankers  is that
the cargo  chemicals  planned  originally  are  often  changed

or  newly  added  after putting the  ship  into commercial

trade,  In cases  when  the need  for such  later changes

arises,  it is necessary  to evaluate  in a  short  period  of  time

if the proposed  additinal  loading of cargo  chemicals

complies  with  the requirements  of the BCH/IBC  Codes,
including the speejal  consideration  of  damage stability.

Accordingly, a workable  evaluation  method  for each  ship

must  be settled  and  provided  to the shipowner  before
delivery so  that  any  future changes  in cargo  loading plan
ean  be flexibly accommodated.  This evaluation  work

may,  depending on  circumstances,  require  same  proce-

dures as  highly complicated  in those  at  the  eonstruction

stage,  and  it is proposed  that  a  handy  computer
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programme  readily  used  on  board  the ship  will  be
        C4.)
employed,

2.2 Design  of  cargo  tanks

  ln developing the  design of  cargo  tanks (including the

supporting  structures  in the  case  of independent-type

tanks)  that  was  determined at the initial pranning  stage.

quantitative evaluation  of some  or  all  of  the loads listed

below must  be made  as  necessary:

(i) Static loads

    (a) Tank  net  weight  including insulation

    {b) Tank  internal pressure  (design vapour  press-

        ure+liquid  head)
    CC) Hull deflection in stilL  water  (longitudinal
        strength  and  transverse  strength  of the hull

        structure)  and  static external  pressure

    (d) Tank  internal pressure  during  the hydrostatic

        pressure  test

    (e) Negativepressure (differencebetweenexternal
        and  internal pressures  of the tank) for indepen-

        dent tank with  the surrounding  hold spaces

        inerted and/or  pressurized and  other  case

        where  lining tanks have spaces  between the

        lining and  tank walls.

    {f) Effect of the mest  unfavorable  static  heel angle

        within  the range  O" to 300

    (g) Buoyancy  and  water  pressure when  the hold

        spaces  are  flooded (for independent  tanks

        only)

    Ch) Reaction force in way  of  independent  tank

        supports

(ii) Thermal  loads

    (a) Stationary thermal  toads (fult toaded voyage  or

        ballasted voyage),  when  cargo  temperature

        controls  are  adopted  and  the difference between

        cargo  temperature  and  the surrounding  temper-

        ature  is 70℃ or  more

    (b) Transient thermal  loads (any rapid  in-

        crease/decrease  of the temperature  should  be
        avoided)

(iiO Dynamic  loads

    (a) Acceleration due to ship  motion

    (b) Hull  deflection in sea-going  conditions

        (longitudinal bending, horizontal bending  and

        torsion)

    (C) Varying  external  pressure acting  on  the hull

    (d) Sloshing loads

    (e} Hull vibration

    (f) Longitudinal acceleration  at  the  moment  of

        collision  (for independent tanks only)

  When  an  attempt  is made  to design acargo  tank ofa

completely  new  construction  (including tank  materials)

by  taking  into aecount  the loads given in (iHa) to (iii) (f)
above.  the design procedure  called  

"Design

 by  Analysis"

must  be employed,  Shown  in Fig. 2 is the design concept

of  
"Design

 by Anaiysis". This  kind of design procedure
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Staticloads Therrnal.loads Dynamic!oads:

Designloads

Hullconstruction Tankconstruction

Supporting
structure

.1) *2) Evaluation

Hullconstruction
analysis

Localconstruction
analysis

:

'

Cornbinedstresses

'

StressdistTibution Max.stress Allowablestress

*3)

.4)Bucklinganalysis

Safetyfacterfor
buckling

Fatiguestrength
analysis

Cumulatiyeeffect
effatigueload

: DetailedstandaTd
ofconstruction

.s)

Fatiguecraek
propagation
analysis

Fatiguelifefer
safetyofconstruction

Notes:*1)

*2)*3)

*4)

*5)

*6)

Stress should  be rneasured  on  the ship in order  to confirm  the accuracy  of  stress

analysis.

Model  test may  be requiTed  in order  to confirm  the  stress  concentration  factors.

Fabricatien  accuracy  should  be  taken  into consideration.  Buckling analysis  for
the  whole  and  local areas  should  be carried  out,

Fatigue  test shouLd  be carried  out  considering  the expected  service  conditions

to obtain  S-N diagrarns of  the  basic constTuction  elements.  Fatigue test of  a

large structural  model  may  be  required.

Fatigue  test shoulcl  becarried out  considering  the  expected  service  conditions

for which  the  construction  material  is exposed  in order  to obtain  the  fatigue

crack  propagation characteristics.  Model  test may  be required  in order  to con-
fiTm the  analysis  accuracy.

If necessary,  no  probability of  unstable  crack  propagation  under  the expected

service  conditions  should  be confirmed  by  toughness test, etc.

.6)

Fig.2Ftow  chart  of  strength  analysis  for new  cargo  tank  design concept

(except evaluation  ior v.ibration  and  sloshing)
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has been originally  developed and  applied  as the design

procedure  using  the latest analysis  techniques  to the

design of  1'iquefied natural  and  petroleum  gas  carriers

and  off-shore  rigs{5'  
[6)

 
C7)

 and  now  is also  utilized for the

evaluation  of  new  cargo  tank  design concept  of chemical

tankers. The design procedure  based  on  analysis  is to be

used  for assessing  a new  construction  system  with  few

proven  records.  The structural  element  of the hull and
cargo  tank of chemical  tankers basically differ little from
the  case  of  general oil  tankers  as already  stated.  It has

been the  recognized  practice in chemical  tankers  that  the

construction  details and  scantlings  of  a  ship  (cargo
tanks)  are  determined by considering  the aforementioned

loads where  the  caluculation  formulae  speeified  in the

rules  for hull and  tank  construction  Iaid down  by  each

classification  society  (e.g., regulations  for the construc-

tion of oil tankers, regulations  for the construction  of

deep  tanks, etc.) and  recognized  national  standards  or

classification  society  rules  for pressure  vessels  are

apptied  mutatis  mutandis.  Such a  design procedure  is
called  

"Design

 by Rules." It must  be noted  that even  when

the  
"Design

 by Rules" procedure  is carried  out,  it is not
necessarily  warranted  that  all details of the tank

construction  are  covered  by such  rule  requirements  (e,g,,
support  construction  for independent-type  tank, special

lining construction,  etc.).  In such  a case.  a procedure

partially  relying  on  

"Design
 by Analysis" should  be

employed.

  Essential precautions  to be observed  when  the proce-
dure known  as  the "Design

 by Rules" is employed,  are

summarized  below:

(1) Specific gravity
  Specific gravity  is the  most  important  item for the

structural  strength  of gravity-type tanks. In cases  where

the specific  gravitites of all the cargo  chemicals  planned
to be loaded fall within  arange  from  1.05 downwards,  a

cargo  tank conforming  to the construction  requirements

applicabte  to ordinary  oi] tankers may  be acceptabte.

However,  in a  design speciflc  gravity range  greater than

the above,  corrections  to the  term  for cargo  liquid head of
the relevant  calculation  formula should  be made  accord-

ing to the specifie  gravity. In this connection,  specific

gravity values  for 173 out  of  the  177 items of  those

dangerous  chemicals  prescribed in Chapter VT of  the BCH
Code, and  145 out  of  the 153 items prescribed  in Chapter

 NI of the same  Code are  given in Table 2. Given in Table  3
is the range  of  design specific  gravity for tanks  employed

in 33 NK-classed ship. From  these two  tables, it can  be
seen  that in multipurpose  chemical  tankers, the basic
carge  tank structural  strength  requirements  for almost

ali  chemicals  can  be substantially  met  with  greatly

improved adaptability  to a  vast  diversity of  cargo

chemicals  if some  cargo  tanks with  a maximum  design
specific  gravity in a  range  from  1.5 to 1.8 are  provided
for the  ship,
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(2) Vapour  pressure, boiling point, viscosity  and

    melting  point
  These  physical properties  are  relevant  to eargo

temperature  and  pressure  controls,  and  are  further

related  to the cargo  tank  type.

  For  chemicals  with  a vapour  pressure  greater than

1 . 033 kg/cm2A  at 37 .80C, i.e., higher than the atmospher-

ic pressure. either  the design vapour  pressure  of the  tank

should  be made  sufficiently  high <higher than the  cargo

vapour  pressure  at  a  temperature  of  45"C) or  an

appropriate  cargo  temperature  control  system  (cooling
or  thermal insulation) should  be provided,  thus  consti-

tuting as  an  important condition  in selecting  the  tank

type.

  In integrat-gravity or  independent-gravity tanks, the

construction  requirements  for ordinary  oil tankers and

deep tanks can  be applied  when  the allowable  vapour

pressure  acting  on  the  tank  ullage  space  is O . 25 kglcm2G.
In eases  where  tank pressure  relief  valves  or breather
valves  are  set at  a pressure higher than  O.25  kg!cm2G  by

taking account  those cargo  chemicals  with  slightly  higher

vapour  pressure, the design vapour  pressure  (Po) should
be equal  to or  higher than  the preset  value  of these

valves:  In the applicatien  of  the classiiication  society's

regulations,  corrections  to the term  of  the  load due  to the

tank internal pressure  in the  calculation  formula  should

be made.  (An example  is shown  in Fig. 3) Although the
design vapour  pressure  of  these gravity type tanks can

be accepted  up  to O.7 kgfcm2G under  the provisions of

the BCHIIBC  Codes, when  this limit is exceeded,  the

independent-pressure  type  tank should  be employed.

  The melting  point and  viscosity  requirements  are

re]evant  to setting  the cargo  heating temperature  neces-

sary  for maintaining  the  cargo  chemicals  at  a  pumpable
f!uidity, and  these  are  particularly important  for such

cargoes  as  sulphur,  naphthalene  and  phosphorus,  which

are  in a  solid  state  at  room  temperature. When  the

melting  point is high (800C or  more),  an  assessment  of

thermal  stress  is also  necessary,  and  the thermal

isolation of cargo  tanks from  the hull structure  must  also

be assessed.

  Heating  is necessary  for substances  with  high viscos-

ity in order  that cargo  handling  and  tank  cleaning  can  be

facilitated, Further, additional  structural  considerations

such  as smoothing  the  internal tank  surfaces  and

provisions to prevent  the  heated cargo  tank  wall  from
coming  into contact  with  other  non-heated  cargo  or  sea

water  may  be necessary  in regard  to precluding  heat
dissipation or  ensuring  thermal  insulation effect.  In cargo

tanks adjacent  to those  carrying  cargoes  requring

heating, prohibition  to load cargo  chemicals  of low

boiling point  or  those whose  self-reaction  is accelerated
by  heating should  also  be considered.  Generally, when

the boiling point of  the  cargo  loaded into a tank  adjacent

to a heated cargo  is ]OOC higer than  the maximum  heating
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Table2Specific  gravities  of  cargo  chemicals  in the BCH  Code

Specificgravity ..1.00LeONI,101.10-1.251.25-1.501.5e-1.751.75-2.DO2.00-

Dangerouschemicalslistedin
ChapterVloftheBCHCode

90 19 2S 21 12 5 1

ChemicalslistedinChapter
VIIoftheBCHCode

117 12 9 6 1 T -

Note: Figures signify  the  number  of  chernicals,

Table3Designed va]ue  of  the  specific  gravity for cargo  tanksC3)

Designedspecificgravity

forcargotank
1,O125-1,301.40･-1,531,60.-1.701.85--1.90

Centretank 3 4 17 4 9

Wingtank 3 4 24 2 o

Note;Flgures  signify  the number  of  chernical  tankers.  Four  ships  have been designed for

dual specific  gravity and  the  total number  is different from  33 ships,

 pe-i--H

T'

H･1HL

1

min.  head
  
--

 -=e,3
 g

     1

...designhead

Pep

po
H'-kxp

: design vapour  pressure
: design specific  gravity

Fig.3Example  of  correction  to the  design load<for the bulkhead  plate
when  the design vapour  pressure(Po>is over  O.25kglcdi G)

temperature, no  separation  by means  of cofferdams  or  the

like need  be considered.

(3) Structural materials

  In cases  where  integral-type cargo  tanks are  employed

in chemical  tankers,  solid  or  clad  stainless  steel materials

are  sometimes  used  fer the  eentre  tanks  and  wing  tanks

with  a  double  side  shell.  Since the classification  society

rules  for the construction  of  ordinary  oil  tankers specify,

in general, strength  calculation  formulae  on  the basis of

ordinary  hull structural  material  (mild steel and  high

tensile  steel),  corrections  for allowable  stress  related  to

yieLd point, tensile  strength  and  fatigue strength  may  be

required  depending  on  the  situation  whenever  special

materials  like stainless  steels  are  used.

(4) Access openings

  Openings used  for the access  tolfrom  each  space

within  the cargo  tank areas  of  a chemical  tanker  should,

under  the provisions of  the  BCH/IBC  Codes, be larger
(i,e,, 600mm × 600mm  for horizontal openings:  600 mm ×

800 mm  for vertical  openings)  than the  access  openings

of  ordinary  ships.  At the same  time, arrangements  should

be such  that  a person  wearing  protective and  safety

equipment  can  pass through  without  diffieulty.

  This signifies  that  structural  problems  may  arise  if the
structural  dimensiens of  double  bottoms, double  side

shells,  cofferdams  and  access  trunks  of small  and  medium
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size  chemicar  tankers are  not  made  sufficiently  larger
than  those of ordinary  cargo  ships.  This suggests  that

determination  of  the structural  dimensions of  access

openings  is so  important that  it is closely  linked to the

determination of  ship's  principal dimensions.C3)

  When  the  rules  for general  hull construction  apply  to

the structural  members  where  these access  openings  are

provided, it is necessary  to ensure  a  welt  balanced

design, for exmple.  by providing  locally inereased plate
thickness  or  reinforcements  by  applying  doublers/

stiffening  rings,  Futhermore,  the assumptions  and  condi-

tions conceived  at  the time when  the relevant  ruLes  were

established  should  be reassessed  in a logical manner.

2.3 Design  of  piping systems  for cargo  handling

  Cargo  piping for chemical  tankers  is either  of the

following two  systems:

(i) group-main  main  line system

(ii) independent system

    (a} one  pump  installed within  each  tank (a sub-

       merged  or  deep-well pump)  (one tank!one

       pump  system)

    {b) installation of  a pump  outside  the  tank  (in
       cargo  pumprooms  or  within  another  cargo

       tank)

   (c) combinedlchanging  system

  The  group-main  system  quoted  in {i ) above  is a piping
system  generally  used  in oil  tankers,  but this  is not

suitable  for cases  where  many  kinds of  cargo  are  loaded

simultaneously  as  in chemical  tankers, The  eombined/-

changing  system  quoted  in (ii) (c) above  is basically the

same  as  the group  main  system.  When  cargoes  of

compatible  properties are  loaded under  this system,  the

piping systern  is used  as  a  group-main,  whereas  when

incompatible cargoes  (in number  corresponding  to the

number  of  group-mains)  are  loaded simultaneously,  the

main  lines are  used  separately  in aceordance  with  the

predetermined  procedure. These two  systems  were  once

used  in conventional  chemical  tankers, but they have

gefierarly been replaced  by the  independent  system  even

in chemical  tankers of small  and  medium  sizes.  This is in
recognition  of  such  shortcomings  as  the limited number

of  kinds ef  cargo  which  can  be loaded simultaneously,

restrictions  on  separating  procedures  imposed  under  the

provisions of  the  BCH/IBC  Codes, and  further operation-

al  failures and  timewise  losses likely to be involved in the
Iine separating  work.

  Cargo  vent  lines are  either  of  the  following two

systems:

(i) common  }ine main-line  system

(ii) independent system  one  tankone line system

  Just as in the case  of  cargo  piping  systems,  it has

become  general practice to employ  a completely  indepen-

dent systern  in chemical  tankers where  a  variety  of

diversified cargo  chemicals  are  carried,

  Shown  in Fig, 4 is a flow chart  of  the design procedure
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for cargo  and  vent  rines.

  In planning  cargo  and  vent  lines, selection  of the most

appropriate  piping system  should  be made  first Special
attention  should  be paid to the toxicity and  danger  of

reactivity  of a given cargo  chemical,  which  determine  the

needs  for separation  of  the specific  piping  system  under

consideration.  Even when  the system  is free from these
hazards, sufficient  care  must  be tanken  to prevent cargo

damage due to mutual  contamination  and  to the Level of

product  purity maintenance  whenever  a  piping  system

other  than  the independent  type is employed.

  The piping system  for cargo  with  a  vapour  pressure

greater  than 1.033 kg/cm2A  at a temperature  of 37.80C

should  be made  independent  from  other  ordinary  liquid
chemicals.  and  at  the  same  time,  assessments  should  be
made  for thermal  insulation requirements  and  the  design

pressure  value  necessary  according  to the  type  of  each

cargo  tank,

  In selecting  the cargo  pump  type and  capacity,

consideration  should  be given to the piping system,

specific  gravity of cargo  chemicals  and  their  viscosity  as

earlier  mentioned.

  The  pipe diamater  and  design pressure  of  eargo  lines

bear a  close  relationship  with  the cargo  pump  capacity,

cargo  flow rate  and  the length of cargo  lines. When

assumptions  are  made  on  the flow resistance  in a  line

pipe, additional  consideration  should  be given to the

cargo  viscosity,  pipe bends  connections  and  various

arrangements  of  valves  and  expansion  joints.
  In determining the diameter of  vent  line pipes for cargo
tanks, careful  checks  should  be made  on  the relationship

between  the cargo  line pipe diameter and  the vent  line

pipe diameter  so  as  not  to cause  an  exeessive  rise  of

internal pressure  in the cargo  tanks at  time of  cargo

operation.  At this stage  of  assessment,  it should  be
verified  that there is a sufficient  allowance  for the tank

strength  by  calculating  the vapour  flow resistance  within

the vent  line aceording  to the vent  line system,  cargo

loadingldischarging  rates,  and  whether  or not  the cargo

vent  lines commonly  serve  also  as  the  inert gas lines.

Incidentally, toxic cargo  chemicals  and  those  with  a

vapour  pressure  greater  than  1.033 kglcm2A  at 37.8"C
are  subjected  to a  closed  cycle  cargo  operation,  and

therefore piping connections  to the shore  lines for

returning  the cargo  vapour  ashore  are  necessary.  For

this installation, precautions  comparable  to those for
vent  line systems  should  be taken, and  at the same  time,

all  conditions  involved in the shore  facilities must  also  be

investigated.

  After determining the pipe diameters and  basic layout
of  eargo  and  vent  lines through  the  aforementiened

procedures, detailed layouts of  various  valves,  expansion

joints, overflow  protections,  ete. are  determined in
eonsideration  the properties  of the cargo  and  improve-
ment  in the efficiency  of cargo  handling. Proper  seleetion
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of the piping and/or  pipe inside coating  materials  should

be made  by taking into account  the  corrosivity  of  eargo

and  the product purity maintenance  requirements.

  Since it is required  under  the  provisions of  the

BCH/IBC  Codes that  the  cargo  pipjng should,  in princi-
ple, be joined by welding  except  for approved  connec-

tions to stop  valves  and  expansion  joints, sufficient

consideration  should  be given to the ease  of  on-board

welding,  non-destructive  testing, and  effective  arrange-

ments  for stop  valves  when  cargo  line arrangement  is

beihg determined.

  Almost all arrangements  and  strength  calculations

necessary  for the other  pipe lines (bilge, ballast, F. O., air
and  sounding  lines) in chemical  tankers can  be managed
by  applying  the conventional  techniques available  for

ordinary  oil tankers. However,  care  must  be taken  on  the

following points by giving reference  to the  requirements

of  the BCHIIBC  Codes when  planning  is made  on  the

above  mentioned  arrangements:

(a) Damage  stability  (An extended  flooding in area

    other  than  the  assumed  flooded space  can  be caused

    by  water  through  the pipe lines installed in the

    assumed  flooded space)

{b) Separation from  the cargo  lines (particularly when

    toxic or  highly reactive  cargo  chemicals  are

    involved)
(c) The  possibility ofcoming  into contactwith  theliquid

    or  vapour  of cargo  chemicals  (correct selection  of

    materials  and  protective coatings  should  be made  for

    pipe lines and  ventilation  ducts running  through  the

    cargo  pumproom)

(d) Access  in spacesi  where  pipe lines penetrate, particu-
    larly the double  bottom  spaces  or  other  narrow

    spaces  (maintaining ample  space  in the vicinity  of

    access  openings  and  difficulties in access  imposed

    by  pipe line, especially  in the aft  double bottom

    space  and  other  aft  compartments  in cargo  tank area

    where  pipe lines are  heavily concentrated,  should  be

    eonsidered)

(e) Pipe lines penetrating cargo  tanks

(f) Measures against  the possible  event  of fracture or

    pitting of  the cargo  heating/cooling pipes or  plates

    within  the carge  tank  or  heat exchangers,  and  the

    detection of  such  defects

3. Construction and  Survey

  The  points of  difference between  the construction  of

chemicaL  tankers  and  ordinary  oil tankers  are  the  greater
number  of cargo  tanks, the  application  of  special  mate-

rials  such  as stainless  steel  in many  cases,  and  the

greater diversity and  complexity  of line pipes.  Further,
many  items of  protective and  safety  equipment  which  are

less familiar in ordinary  ships  are  often  used  in chemicai

tankers.
  On  the left-hand side  of  Fig. 5, the general flow chart
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for construction  and  survey  of  ordinary  oil  tankers is

shown,  and  on  the right-hand  side  of  the figure, those

characteristic  check  points applicable  to chemical  tank-

ers  corresponding  to the oil tanker flow process are

glven.

  As  can  be seen  from  Fig. 5, the  shipbuilding  process
for a  chemical  tanker involves special  features that

become  evident  in the fittingout work  after  launching.

Careful assessment  at this stage  of the shipbuilding

process should  therefore be made,  and  an  effective  work

schedttle  must  be drawn  up.  Particularly when  the

independent  system  is employed  for cargo  and  vent  lines,

pipe lines compatible  in number  with  the number  of  cargo

tanks must  be installed. As  a  result,  the  piping including

other  miscellaneous  piping become  highly complicated  on

deck. This is also  true in the work  of surveys,  and  in this
connection,  it is indispensable to draw  up  an  overall

survey  plan closely  matched  to the work  progress  in the

latter half of  the  construction  phase  where  various  jobs
are  to be simultaneously  handled. This plan will elimin-

ate  work  losses and  erroneous  surveys,  also  prevent

delay of the work  schedule  arising  from  any  recondition-

ing work  required  as  a consequence  of  the survey.  In
recognition  of  the prevailing practice in shipbuilding  that

relies  on  the block building system  where  part or  all of

various  piping outfits  and  painting work  is assembled  in

blocks, the  surveyor  responsible  is required  to make

himself well-conversant  with  the total concept  of the ship

before he attends  on  board. This  will  involve scrutinizing

all  the design and  fabrication drawings  approved  either

by  the government or  by  the classifieation  society  even  at

the block assembly  stage.

  In chemical  tankers of recent  design, the use  of

stainless  steel  (solid or  clad)  for the  centre  tank

structure  and  wing  tank  structure  with  double side  shell

is increasing. When  such  a  special  material  is usecl.

sufficient  investigation into the  various  fabrication

methods,  welding  procedures  and  material  storage,  in-

cluding  their surveys,  is necessary.  In cases  where

stainless  steel  is used,  the survey  to be carried  out  before
launching  a ship  should  include, in addition  to routine

survey  items, the selection  of appropriate  welding  rods

 (especial!y for welded  joints between  disimilar materials,

e. g., mild  steel+stainless  steel) ,
 pre-welding treatments,

prevention  of  the  generation of  excessive  distortion and

cracks  should  be supervised  with  a  complete  grasp  of  all

the problems  inherent in the use  of  stainless  steel.

  In coating  tanks,  care  must  be taken for the surface

condition  of  steel  plate including the  welding  beads. It is

the recent  major  trend that painting work  on  the

struetual  hull assemblies  including water  ballast tanks is

increasingly carried  out  in the process of block building
on  the  ground  in an  attempt  to improve  the painting

quality and  work  efficiency.  In some  cases,  the coating
work  on  the inside of the cargo  tanks is also  carried  out
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at  the  block assembly  stage  on  the  ground  for the  same

reasons.  In such  an  event.  care  must  be also  taken with

the proper  protection of the  preceding  coating  (especially
at  final coating  work  on  board)  and  with  the suitable

procedure  for fitting work  of  pipe  and  equipments.

  Those special  precautions  required  in the workman-

ship, installation and  survey  of various  piping work  and

equipments  are  shown  in Fig, 5 which  can  be summarized

as  followsi

(a) In view  of  a  number  of  pipe  lines involved, particu-
    lar care  must  be taken  to prevent possible mistakes

    in line pipe connections  and  erroneous  connection

    between pipe  lines and  equipment.

{b) In cases  where  the main  line sys･tem  and  combined!-

    changing  system  are  employed,  the position of

    separation  and  the ease  of  separating  work  should

    be verified.

(c} A}1 cargo  line flanges should  be welded  joints except

    those  approved  ones.  Buttwelded joints should  be

    subjected  to non-destructive  testing  as  necessary.

(d) Distances between the  tank  vent  outlets/cargo

    pumproom  ventjlation  duct outlets  and  the openings

    in the  safety  area  such  as the accomodation  space

    should  be verified.

(e) The  arrangement  of piping fittings and  equipment  in

    the cargo  pump  room  should  be checked,

(f) In eases  where  stainless  steel  or  other  speciai

    materials  are  used,  the  fabrication procedure,  weld-

    ing method  and  materials  should  be verified.

{g) The  cargo  vapour  return  lines to shore,  overflow

    control  system  and  crossover  lines for improving

    damage  stability  and  other  spe,cial arrangements

    should  be checked  for their eondition,

(h) Emergency procedures  in cases  of accidental  failure

    of  cargo  heatingfeooling rines should  be established.

Ci) The relationship  between  the installed position of

    the cargo  lines and  the assumed  maximum  extent  of

    damage should  be ascertained.

(j) Special fire extinguishing  systems  (alcohol foam,

    water  spray,  dry  chemicals,  etc.)

{k) Various gauging  and  measuring  devices including

    gas detectors.
(t) Cargo hdses should  eonform  to the prototype test

    requirements  of the BCH/IBC  Codes.
{M) An  environmental  control  system  (inerting, padding,

    drying  or  ventilation).

(n) Other special  equipment  should  be provided  accord-

    ing to the properties  of the cargo.

4. Maintenance  and  Periodical Inspection afi

   ter Deliyery

  As  has already  been stated,  the cargo  centainment  and

handling system  s for chemical  tankers  are  highly

compiex  and  diversified according  to the number  of  cargo

ehemicals  intended to be carried,  Those elements  consti-
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tuting the essential  check  points  of  the  construction  and

equipment  of chemical  tankers and  their  damage  as

viewed  from the standpoint  of maintenance,  inspection

and  survey  after the  delivery of  the  ship  are  summarized

in Table 4, These Check points are  also  useful  and

applicable  for the survey  and  supervision  during con-
structlon.

  Needless  to say:chemical  tankers  are  to be operated  by

skilled  and  experienced  seafarers  in accordance  with  the

authorized  Operation Manual, and  such  importance is
recognized  internationalJy. With respect  to the problems
of  education  and  training of seafarers  to serve  on  board

chemical  tankers, the International Convention on  Stan-
dards ,of Training, Certification and  Watchkeeping for

Seafarers, 1978fB) and  Resolution 11 adopted  in the

conference  for the  ConventionC9), have  laid down  detailed

requlrements,

  In the operation  of  chemical  tankers, strict observanee

of  all the safety  requirements  is necessary  not  on)y  when

at  sea  but also  whi]e  in port, where  shipboard  cargo

handling  and  ship/shore  cargo  operation  are  carried  out.

  In this connection,  the international conventions,  rules

and  guidance  apart  from the BCH  Code and  IBC  Code,

which  are  iisted below, and  are  internationaliy recog-

nized  and  widely  used  may  be found  useful  by both

operators  of chemical  tankers and  also  by those engaged

in building ships  of  this type,  It is suggested  that  the

shipping  and  shipbuilding  concerns  in this  special

category  should  make  themselves  familiar with  the

wealth  of data and  information as  well  as the spirit and

philosephy  incoporated  therein.
a)

b)

c)

d)

e)

f)

g)h)

i)

j)

k)

 International Maritime  Dangerous Goods  Code
(IMDG Code)
 IMO!WHOIILO  Medical First Aid Guide for Use in
Aecidents Invorving Dangerous  Goods

 IMOIILO  Guidelines for Training in the Packing of
Cargo in Freight Containers

 International Code for the Construction and  Equip-
ment  of  Ships Carrying  Liquefied Gases in Bulk
(IGC Code)
 IMO  Code for the Construction and  Equipment of

Ships Carrying Liquefied Gases in Bulk (including 1
st to 4th amendments)

 IMO  Code for Existing Ships Carrying Liquefied
Gases  in Bulk (including 1 st to 4th amendments)

 IMO  Code of Safe Practice for Sotid Bulk Cargoes

 ICS Tankers Safety Guide (Liquefied Gases  &
Chemicals)

 ICSIOCIMF  International Safety Guide for Oil
Tankers  and  Terminals  (ISGOTT)
 ILO  Code  of  Practice, Safety and  Health  in Dock

Work

 Recommendation on  Principles and  Operational
Guidance for Deck  Officers in Charge of  a  Watch  in
Port, adopted  by  the International Conference on
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Table4-1Check points for the  surveyand  rnaintenance  of  cargo  tankconstruction

Constructionaspect CheckpointtosuTveyandmaintenance

Highlystressedareas
Strutends,eachcorner,bulkheadboundaries,ship

corners,andpoorcontinuityofconstruction

Stressconcentrationareas
Openings(rnanholes,hatehes),stiffenerslots,

drainagecoursesandpipecennections

Integralcargotanks

(hulleonstruction)ExcessiyedeformationareasSwash,corrugatedandotherbulkheads
Vibratingareas Structuralunbalance

PoorconditionoftankcoatingProductionofrust,detachmentofcoating

Stainlesssteel Weldedpartandtankbottoms

Cofferdamsfvoids

F,O.T.IW.B.T.
Spacesadjacentto
cargotanks

(hullconstruction)Doublebottoms

Similartointegraltanks(Especialattentionsheuldbe
paidtothebottomconditionofcargopurnpioorn
andtotheweidedjointsbetweendissimilarmateTiaEs

e,g,mildsteelxstainlesscladsteel,)

Cargopumprooms

Tanks Similartointegraltanks

Independentcarge

tanks(gravitytype)Tanksupportsandkeys
Connectionstocargotankslhullconstructien

Holdspaces SimilartohullconstTuction

Shellandendplates WeldedaTeas

Independenteargo

tanks(pressure

type)

Highlystressedareas
Stiffeningrings,Y-connections,domes,surnps,

equipmentfoundationsandbulkheads

Tanksupports Connectiontocargotankslhull

Holdspaces Similartohullconstruction

Insulation

tnsulationandcovering
Surface(TemovecoveTingandforinsulationif

necessary)

tnsulationsupports Ditto

Ladders,pipingand
supports

Tankfittingsand
'equlpment' Pipeconnectionstocargo

tanks

Connectionstocargotanks(Speciatattentionshould

bepaidtoweldedjointsbetweendissimilarmaterials

e.g.stainlesssteelxmildsteel.)

Hatchcoversandcoaming Packing,Tighteningequipment,coating

Kind ofdefects

o

CrackDeformation

Corrosion

Others

OE]

OEil

O

O

CrackAgeingTearingldetachrnent

Water'Permeatlon

Corrosion

Crack
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(a}Piping

Table4-2 Check points for the

Cargolsloplines

Cargotankventlines

Cargoheatinglines

Cargocoolinglines

Ballastlines

Tankcleaningwaterlines

Inertgaslines

ContTol(airteil)lines

HydrauliclpneumaticpoweTlines

Gaugingtrneasuringlines

inspectionand  maintenance  of piping

Check points

o

andequipment

Kind of  defect

o

(b)Cargohandlingequiprnent(exceptdriving

centrifugal

Cargopumpsscrew

gearreciprocating

axial

Fanslblowersradial

gearlscrew

Tankcleaningmachines

Refrigeiatingunits

Heatexchangers{cargoheating)

Eductors

DiffusersInertgastN.gassystems

system)

Shat'tstbearingstcouplings
Corrosion,cracks,wear,leoseningofboltand
cavitation

Shaftsealingdevices Wearandleakage

Casings!cylindeTcoveTs Corrosion,cavitationandcracks

ImpellerstbladeslgearstscrewsCorrosion,cavitation,cTacksanddeformation

Cylinderstliners Erosioncorrosioncraeksandscratches
) )

PistonsfTodslrings Ditto

Suctionlexhaustvalves Ditto

Beds/supports
Corrosion,cracks,deformationandloosening
ofbolts

Nozzles Corrosionandcavitation

Heatingtubeslelementstplates

.ut
Ditto

Scrubbers,deckwater
seals,etc.

Corrosion,cracksandleakage
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Check point

(c)Cauging  ancl measuring  devices

Cargeliquidlevel
Floatlpurgelultrasonicltapelvibrationt
raddertypes

Cargoliquidlvapourflow
Orifice/turbinelnozztelelectro-rnagnetictgearl
fleattypes

Cargoliquid/vapourpressureDiaphragm/bellowslbourdontubetypes

Cargoliquidternperature
ElectTicresistancetbi-metallic/thermo-couplet

bourdontubelbartypes.

Catgovapourt02'

concentratlon

Combustionlinfra-redrayltape!serni-
conductor/detectingtube/galvani ¢ celll

magnetictzirconialpolarographiccelltypes

e
Controrcircuit<electriclairlhydraulic)

Drivingmechanism

Sealingdeviee

Samplingline

Operatingconditiono'fsensor
andmonitor

Corrosion

(d}Miscellaneous safety  equipment

Personalprotection
equlprnent

Fire extinguishing  system

Ceverall/footwear/apronslgloves/boots/gogglesl

faceshieldstbTeathingapparatustsafetylampsl

helmetslrescue lineslstretchersl02 rescuscita-

torslantidoteslshowersteyewashers/
compressors

Alcohol  iesistant  foamfregular foarnlwater

sprayldrychemical/CO,lwaterjettypes

Confirmation  of  number  and  arrange-

ment  required  by  the  BCH/IBC  Codes
and  SOLAS

Operatingcondition

Periedicalchecksandmaintenance

Ageingoffire-extinguishingmedia

andantidotes

1)

m)

n)

o)

p)q)

5. Concluding

  Theconstruction

 and  survey  of  chemical  tankers  to which  the

provisions of the BCH  Code or  the IBC Code apply  have
been explained  in line with  the requirements  laid down  in
these  Codes. It goes without  saying  that  chemical  tankers

are  not  constructed  under  the  single  and  sole  influence of

the  philosophy  of  these Codes  but are  buiit and  operated

with  all the knowledge,  experience  and  expertise  posses-

Training and  Certification of  Seafarers, 1978

 International Convention for the Safety of Life at
Sea, 1974, 1981 and  1983  amendments

 Protocol of  1978 relating  to the International

Convention for the Safety of Life at Sea 1974
 International Convention for the Prevention of

Pollution from Ships, 1973, as modified  by the

Protocol of  1978  relating  thereto

 International Convention on  Standards of Training,
Certification and  Watchkeeping for Seafarers, l978

 United Nationsi Transport of Dangerous Goods

 IMO,  Safe Transport,  Handling  and  Storage of

Dangerous  Substances in Port Areas

           Remarks

  basic precautions to be observed  in the design,

sed  by  shipowners,  charterers,  shippers,  shipbuilders

and  all  others  concerned  which  are  equally  authentic  and

valuable.

  As  stated  in the Introduction, the  design and  construc-

tion techniques involved in building chemical  tankers are

characterized  to combine  already  established  and  con-

ventional  methods  of  an  extremely  wide  range  in a

complex  but efficient  way.  It may  be stressed  that  to

master  shipbuilding  techniques  in this field, sustained

effort  to solve  the  extreme  complexity  in most  persever-

ing manner  is required.
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