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The 1994 Edition of the "General Information for Grain
Loading," prepared and distributed by National Cargo Bureau,
Inc., provides guidance for shipowners, operators, agents, ship
masters, and other seagoing personnel for compliance with the
national and international regulations relative to the stowage
and carriage of bulk grain.

The 1994 Edition is totally revised and supersedes all
previous editions. It includes information on the International
Code for the Safe Carriage of Grain in Bulk which was implemented
by the International Maritime Organization (IMO) on January 1,
1994. These regulations are the culmination of 24 years of
research, experimentation, and development by members of the IMO
Sub-Committee on Containers and Cargoes.

This booklet is intended to facilitate the loading of bulk
grain at U.S. ports by providing information on the pertinent
regulations as well as general information on grain data,
stability calculations, and stowage arrangements.

Subject to the conditions set forth in the Navigation and
Vessel Inspection Circular, "Requirements for Vessels Carrying
Bulk Grain Cargo," which is included herewith, the U.S. Coast
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PREFACE

This booklet contains a compilation of information about the International Grain
Rules, the regulations of the U. S. Coast Guard which apply to the carriage of bulk grain,
recommendations, suggestions, and other information relating to loading bulk grain
aboard vessels and is intended as a handy reference for ship masters, deck officers,
surveyors and other members of the maritime industry.

This booklet has been prepared from information obtained from sources believed to
be reliable and accurate. National Cargo Bureau does not guarantee its accuracy and
completeness and does not assume any responsibility or liability for damage which may
arise from the use of this booklet or its contents.



NATIONAL CARGO BUREAU, INC.

National Cargo Bureau was incorporated as a non-profit organization in May 1952
and began its actual operation on November 19, 1952. The Bureau was created to render
assistance to the United States Coast Guard in discharging its responsibilities under the
1948 International Convention for Safety of Life at Sea* and for other purposes closely
related thereto.

By assignment and under the authority of the United States Coast Guard, the cer-
tificates issued by National Cargo Bureau, Inc. may be accepted as prima facie evidence
of compliance with the provisions of the Dangerous Cargo Act and the Rules and
Regulations for Bulk Grain Cargo.

National Cargo Bureau, Inc. is a continuation and amplification on a broader base
of the inspection services formerly performed by The Board of Underwriters of New York
and The Board of Marine Underwriters of San Francisco and now operates on a nation-
wide basis.

* Subsequently superseded, successively, by the 1960 and 1974 Safety of Life at Sea
Conventions

HEADQUARTERS 30 Vesey Street
New York, NY 10007-2914
Tel: (212) 571-5000
Fax: (212) 571-5005
Tix: 235127 NCB

REGIONAL OFFICES
Atlantic Coast - 30 Vesey Street
& Great Lakes New York, NY 10007-2914

Tel: (212) 571-5000
Fax: (212) 571-5005

Gulf Coast - 2424 Edenborn Avenue
Metairie, LA 70001-6441
Tel: (504) 837-1647/8/9
Fax: (504) 837-1640

Pacific Coast - Suite 309
s 303 Hegenberger Road
Oakland, CA 94621-1419
Tel: (510) 635-4298
Fax: (510) 635-4290

NATIONAL CARGO BUREAU, INC.

ATLANTIC PORTS

EAST GULF PORTS

WEST GULF PORTS

DIRECTORY OF OFFICES

Albany, NY (covered by New York)
Baltimore, MD

Boston, MA (covered by New York)
Bridgeport, CT (covered by New York)
Brunswick, GA (covered by Savannah)
Charleston, SC

Fernandina, FL (covered by Jacksonville)
Georgetown, SC (covered by Charleston)
Jacksonville, FL.

Kings Bay, GA (covered by Jacksonville)
Miami, FL

Morehead City, NC (covered by Wilmington, NC)
New Haven, CT (covered by New York)
New London, CT (covered by New York)
New York, NY

Norfolk, VA

Philadelphia, PA

Port Canaveral, FL (covered by Miami)
Port Everglades, FL (covered by Tampa)
Port Royal, SC (covered by Savannah)
Portland, ME

Portsmouth, NH (covered by Portland, ME)
Providence, RI (covered by New York)
Richmond, VA (covered by Norfolk)

San Juan, P.R.

Savannah, GA

Searsport, ME (covered by Portland, ME)
Wilmington, DE (covered by Philadelphia)
Wilmington, NC

Baton Rouge, LA

Boca Grande, FL (covered by Tampa)
Burnside, LA (covered by Baton Rouge)
Devant, LA (covered by New Orleans)
Gultport, MS (covered by Mobile)
Mobile, Al

New Orleans, LA

Panama City, FL (covered by Mobile)
Pascagoula, MS (covered by Mobile)
Pensacola, FL (covered by Mobile)
Port St. Joe, FL (covered by Mobile)
Tampa, FL

Beaumont, TX
Brownsville, TX
Corpus Christi, TX



PACIFIC PORTS

GREAT LAKES PORTS

Freeport, TX

Galveston, TX

Houston, TX

Lake Charles, LA (covered by Beaumont)
Orange, TX (covered by Beaumont)

Point Comfort, TX (covered by Corpus Christi)

Port Arthur, TX (covered by Beaumont)
Port Isabel, TX (covered by Brownsville)
Port Neches, TX (covered by Beaumont)

Aberdeen, WA (covered by Seattle)
Anchorage, AK (covered by Seattle)
Astoria, OR (covered by Portland, OR)
Coos Bay, OR (covered by Portland, OR)
Eureka, CA (covered by San Francisco)
Grays Harbor, WA (covered by Seattle)
Honolulu, HI

Hilo, HI (covered by Honolulu)

Kalama, WA (covered by Portland, OR)
Longview, WA (covered by Portland, OR)
Los Angeles, CA

Maui, HI (covered by Honolulu)

Newport, OR (covered by Portland, OR)
Port Hueneme, CA (covered by Los Angleles)
Portland, OR

Sacramento, CA (covered by San Francisco)
San Diego, CA (covered by Los Angeles)
Seattle, WA

Stockton, CA (covered by San Francisco)
Tacoma, WA (covered by Seattle)

Willapa Harbor, WA (covered by Seattle)
Wilmington, CA (covered by Los Angeles)

Astabula, OH (covered by Cleveland)
Buffalo, NY (covered by Cleveland)
Burns Harbor, IN (covered by Chicago)
Chicago, IL

Cleveland, OH

Detroit, MI (covered by Toledo)
Duluth, MN

Greenbay, WI (covered by Milwaukee)
Holland, MI (covered by Toledo)
Milwaukee, WI

Muskegon, MI (covered by Toledo)
Saginaw, MI (covered by Toledo)
Superior, WI (covered by Duluth)
Toledo, OH

St. Louis, MO

SERVICES PERFORMED BY
NATIONAL CARGO BUREAU, INC.

National Cargo Bureau, Inc. is authorized to conduct any type of inspection or sur-

vey that is incidental to the loading or discharging of a ship and issues appropriate cer-
tificates and/or survey reports for services such as described below:

1.

10.
11.
12.
13.
14.

15.
16.

17.

18.

The loading, stowage and securing of general cargo on and under deck, including
special surveys of heavy or large items;

The approval on behalf of governmental administrations of vessel plans for the
stowage of bulk grain cargoes under the existing international regulations;

The stowage of bulk grain cargoes, including vessel suitability and arrangements;

The stowage of explosives and packaged and bulk hazardous materials in accor-
dance with the requirements of the Code of Federal Regulations, including preload-

ing and shipboard temperatures and the loading and stowage of metal borings, shav-
ings, turnings and cuttings;

The stowage of ore concentrates and/or dry bulk cargoes in accordance with the
IMO Code of Safe Practice for Bulk Cargoes;

The loading of bulk tallow, grease and similar commodities in cargo tanks;

Inspection of cargo compartments for cleanliness and condition prior to loading or
when a ship is to load at another port or for charter purposes;

Inspection of refrigerated cargo prior to loading, including taking and recording

temperatures at the time of loading; and inspection of refrigerated spaces for clean-
liness and temperatures;

Discharging of various bulk cargoes, including cleanliness of receiving railroad
cars, barges, handling equipment, etc.;

Vessel readiness to discharge jute and jute products;

Cargo and space measurement surveys;

Hatch surveys, including condition of cargo prior to, during, and after discharge;
Surveys of import and export unboxed automobiles;

Determination of tonnage of cargo loaded on or discharged from ships or barges by
immersion computation;

On-hire, off-hire and condition surveys of cargo compartments and handling gear;

Condition of cargo and packaging at point of origin and/or prior to being loaded,
including stowage;

Witness tank soundings of ships and barges including the computation of the quan-

-tity of liquids in tanks;

Cargo container inspections:

(a) Inspection and certification of containers and road vehicles for transportation
under Customs seal

(b) Condition of the container for suitability to receive any particular cargo



(c) Stowage of the cargo in the container

(d) Inspection of containers for handling damages
(e) Inspection of containers for leasing purposes

(f) Inspection of the securing of containers on deck

() Inspection of containers loaded with hazardous cargo for compliance with U. S.
Coast Guard regulations and/or International Maritime Dangerous Goods Code;

19. Consultation service to ensure proper completion of the Dangerous Cargo Manifest;

20. Stowage of cargo in barges including LASH and SEABEE;

21. Witnessing of tests and certification of shipboard cargo gear (accredited by U. S.
Cost Guard and U. S. Department of Labor);

22. General planning and consultation services concerning any of the above or other
cargo-related problems;

23.  Special cargo and/or safety inspection of specific requirements of governments, ship
operators, insurance companies or shippers; '

24. Providing training and conducting seminars on cargo stowage and safety-related

matters.

The issuance of an NCB Loading Certificate indicates that the cargo observed has been

stowed in compliance with the applicable U. S. Coast Guard regulations or recommenda-

tions or in the absence thereof, in accordance with recommendations of National Cargo

Bureau, Inc.

NVIC 5-94, 13 July 1994

NAVIGATION AND VESSEL INSPECTION
CIRCULAR NO. 5 - 94

Subject: REQUIREMENTS FOR VESSELS CARRYING BULK GRAIN CARGO
1. PURPOSE. This circular calls the attention of Coast Guard field units, shippers and

carriers of bulk grain cargo to the International Maritime Organization’s (IMO) Code
for the Safe Carriage of Grain in Bulk, referred to as the Grain Code, which entered
into force on January 1, 1994. The Grain Code specifies stability, loading require-
ments, and Documents of Authorization for each vessel that loads grain in bulk.

2. DIRECTIVES AFFECTED. This circular cancels and supersedes NVIC 2-78.
3. BACKGROUND. In response to the growing need for broader regulation of the car-

riage of all cargoes which may pose a hazard to ships or personnel, the Maritime
Safety Committee (MSC) decided to replace the original Chapter VI of the Safety of
Life at Sea Convention, 1974 as amended, (SOLAS), which contained detailed regu-
lations on the carriage of grain in bulk, with requirements of a more general nature and
to place the detailed provisions on grain in a mandatory code. SOLAS Chapter VI pre-
viously titled “Carriage of Grain” is now titled “Carriage of Cargoes”. At the 59th ses-
sion in May 1991, MSC adopted amendments to SOLAS Chapter VI Part C Regulation
9 (resoiution MSC.23[59]) to make the International Code for the Safe Carriage of
Grain in Bulk mandatory. The Grain Code became effective January 1, 1994. The
Grain Code is available to the public from the IMO as publication 240-E. Information
on obtaining this publication can be found in enclosure (1).

DISCUSSION.

a. The Grain Code applies to all vessels that Joad grain in bulk in U.S. waters, except
those engaged solely on voyages on rivers, lakes, bays, and sounds, or on voyages
between Great Lakes ports and specific St. Lawrence River ports as referred to in
the Load Line Convention. The St. Lawrence River ports exempted include those
ports as far east as a straight line drawn from Cap de Rosiers to West Point,
Anticosti Island, and as far east as a line drawn along the 63rd meridian from
Anticosti Island to the north shore of the St. Lawrence River.

b. A Document of Authorization is required for each vessel to which the Grain Code
applies except vessels on certain intracoastal voyages, provided they comply with
the alternative conditions found in enclosure (2). The U.S. Coast Guard has dele-
gated the authority to issue Documents of Authorization to the National Cargo
Bureau, Incorporated (NCB). Information on contacting NCB can be found in
enclosure (1). Requirements for obtaining a Document of Authorization are sum-
marized in enclosure (3). The Document of Authorization format is shown in
enclosure (4).

¢. Vessels to which the Grain Code applies are required by the Code of Federal
Regulations to obtain a Certificate of Loading before each sailing. A Certificate of
Loading, issued by the NCB, attests that the stability of the vessel complies with
the information approved by its Document of Authorization, or otherwise is in com-
pliance with enclosure (2) before each voyage from a U.S. port. The Certificate of



Loading is recognized by the Coast Guard as evidence of compliance with regula-
tion 7.2 of the Grain Code.

d. A vessel which carries a cargo of grain in bulk should not, at the same time, carry

any solid bulk cargo which may liquefy unless such cargo is tested and the mois-

ture content is equal to or less than the transportable moisture limit. Testing should
be conducted in accordance with the procedures set forth in the Code of Safe
Practice for Solid Bulk Cargoes, International Maritime Organization publication
No. 260-E.

5. IMPLEMENTATION. Officers in Charge, Marine Inspection, are encouraged to

bring this NVIC to the attention of appropriate individuals in the marine industry with-
in their zone.

(Signed) J.C. CARD
Rear Admiral, U.S. Coast Guard
Chief, Office of Marine Safety, Security and Environmental

Encl.: (1) Sources for Obtaining Additional Information

(2) Voyages and Conditions for those Vessels Exempted from the Requirements
of Obtaining a Document of Authorization

(3) Requirements for U.S. Vessels Obtaining Documents of Authorization

(4) Document of Authorization Format

Enclosure (1) to NVIC 5-94

SOURCES FOR OBTAINING
ADDITIONAL INFORMATION

The International Code for the Safe Carriage of Grain in Bulk (IMO Resolution
MSC.23(59) ), publication No. 240-E can be obtained from:

Publication Section

International Maritime Organization
4 Albert Embankment

London SE1 7SR

United Kingdom

Telephone: 44(0)71-735 7611

Fax: 44(0)71-587 3210 or

New York Nautical Instrument and Service
140 West Broadway

New York, NY 10013

Telephone: (212) 962-4522

Fax: (212) 406-8420

2. Documents of Authorization and additional Grain Code compliance guidance can be
obtained from:

National Cargo Bureau, Incorporated
30 Vesey Street

New York, NY 10007-2914
Telephone: (212) 571-5000

Fax: (212) 571-5005
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Enclosure (2) to NVIC 5-94

VOYAGES AND CONDITIONS FOR THOSE VESSELS

EXEMPTED FROM THE REQUIREMENTS OF
OBTAINING A DOCUMENT OF AUTHORIZATION

1. Vessels without a Document of Authorization may carry grain in bulk subject to the
limitations imposed by Sections 8.3 or 9 provided their stability complies with the
requirements regarding subdivision of cargo compartments, securing of hatches, trimming
of cargo and metacentric height as detailed in Section 9 of the Grain Code.

2. Vessels on the following voyages:

a.

b

United States ports along the Northeast Coast from as far south as Cape Henry;

. Wilmington, NC and Miami, FL;

c. United States ports in the Gulf of Mexico;

. Puget Sound ports and Canadian West Coast ports or Columbia River ports, or

both; or

. San Francisco, Los Angeles, and San Diego, CA

Great Lakes ports to United States ports along the Northeast coast as far south as
Cape Henry do not need a Document of Authorization if they comply with the fol-
lowing conditions:

. The master or person in charge is satisfied that the longitudinal strength of his ves-

sel is not impaired.

. The master or person in charge ascertains the weather to be encountered on the voy-

age and determines it does not pose a risk.

. Potential heeling moments are reduced to a minimum by carrying as few slack

holds as possible.

. Each slack surface has been leveled.

. The transverse metacentric height (GM), in meters, of the vessel throughout the

voyage, after correction for liquid free surface, has been shown by stability calcu-
lations to be in excess of the required GM (GMg), in meters.

(1) The GM, is the sum of the increments of GM (GM;) multiplied by the correc-
tion factor, f.

where: f = 1ifris > 0.268 or
f = (0.268 ~r) if ris < 0.268.
= (available freeboard) + (beam of the vessel) and

(2) The GM,; for each compartment which has a slack surface of grain, i.e., is not
trimmed full, is calculated by the formula given below:

GM; = (B3x L x 0.0661) + (Disp. x SF)

where: B = breadth of slack grain surface (m)
L Length of compartment (m)
Disp.= Displacement of vessel (tonnes)
SF Stowage factor of grain in compartment (cubic metres/tonne)

Enclosure (3) to NVIC 5-94

REQUIREMENTS FOR US VESSELS
OBTAINING DOCUMENTS OF AUTHORIZATION

1. General Requirements. The grain stability information required by the Grain Code that

must be included in the Document of Authorization is in addition to that provided to
the master in accordance with 46 CFR 170.110 and 42.15-1.

. Stability Information. Stability information in the format of a grain loading booklet or

a grain loading appendix to a Trim and Stability booklet shall be submitted to the NCB
for approval.

a. The submittal should contain:
(1) 5 copies of the grain loading stability information which is to be approved by the
Document of Authorization.

(2) 1 copy of the calculations supporting the above mentioned grain loading stabili-
ty information.

The data above must be in complete agreement with that found in the Trim and
Stability booklet.

b. The NCB is authorized to perform any additional stability review prerequisite to
approval if, in addition to the grain loading stability information, the documentation
contains stability data pertinent to other bulk cargoes or to cargoes which will be car--
ried simultaneously with bulk grain such as deck cargo or containers on deck.

c. After review, NCB will forward one copy of the approved grain loading information
to Commanding Officer, U.S. Coast Guard, Marine Safety Center, 400 Seventh
Street S.W., Washington D.C. 20590-0001. NCB will inform the Marine Safety
Center of any additional stability related review conducted and recommend an
appropriate statement which may be included in the U.S. Coast Guard stability letter.

d. NCB will issue the Document of Authorization to the submitter. The Document of
Authorization will have the format shown in enclosure (4).

. Coast Guard Marine Safety Center Oversight. Upon receipt of the approved grain load-

ing conditions, the Coast Guard Marine Safety Center will perform oversight to the
degree necessary and forward the new stability letter to the submitter with copies to the
cognizant Officer in Charge, Marine Inspection and to the NCB. A stability letter is
not required if the information can be placed on the Certificate of Inspection or the
Load Line Certificate.

4. Tank Vessels. Under the authority of Section 5 of the Code, a tank vessel designed

solely for the carriage of liquids and which is issued a Document of Authorization, may
be exempted from trimming when the vessel:

a. has two or more longitudinal, oil-tight bulkheads arranged so as to substantially
reduce the horizontal volumetric heeling moment, and

b. has an adequate number of expansion trunks and access (butterworth) openings to
meet the intent of Regulation 10.3.1 of the Code.

Whenever bulk grain is carried, the vessel shall not carry any liquid cargo.

. Unmanned Barges. Unmanned barges, except for deck cargo barges, may be issued a

Document of Authorization without obtaining an approved grain loading stability
booklet, when calculations and supporting plans demonstrate that the barge, when
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loaded to its maximum load line assignment with all compartments in which it is
anticipated to carry bulk grain trimmed full, meets the requirements of section 7 of the
Grain Code.

If for any reason upon completion of loading a compartment is partially filled with bulk
grain, the grain must be secured as described in Sections 16, 17, or 18 of the Code or
else discharged from the vessel.

. Single Voyage Document of Authorization. A vessel without a Document of

Authorization and not exempted by enclosure (4), may engage in a single voyage car-
rying grain in bulk by:

a. Submitting stability calculations together with supporting plans to the NCB, for the
proposed, specific loading condition. If the calculations indicate compliance with
the provisions of Section 7 of the Code, a single voyage approval will be issued by
the NCB prior to loading.

b. Upon satisfactory completion of the loading in accordance with the approved plan,
a certificate of loading will be issued.

Enclosure (4) to NVIC 5-94
DOCUMENT OF AUTHORIZATION FORMAT

~
Date of issue

DOCUMENT OF AUTHORIZATION TO LOAD BULK GRAIN

Based upon a review of pertinent plans and calculations, it has been determined that

the SS (or MV) meets the requirements of the
International Code for the Safe Carriage of Grain in Bulk. Accordingly, under the author-
ity granted by the U.S. Coast Guard, the SS (or MV) may load

grain provided the ship complies with the stability information contained in the following
booklet:

Identification of booklet containing the grain loading stability information bearing
an approval stamp by the National Cargo Bureau, Inc. dated




GENERAL INFORMATION ON THE
INTERNATIONAL GRAIN RULES

The information in this booklet is intended for use by ship masters and ship opera-
tors when engaged in the ocean transport of grain in bulk. Itis their responsibility to com-
ply with the mandatory regulations for such carriage as set forth in the International Code
for the Safe Carriage of Grain in Bulk (hereinafter referred to as “the Code™), if these reg-
ulations are applied by either the home Administration, i.e., their national flag, and/or by
the Administration at the port of loading. It is not intended for use by naval architects or
ship designers.

The descriptive material and the amplifying information on the regulations, as con-
tained in this booklet, are not intended as official interpretations but rather as explanations
as to how these regulations are understood by the surveyors of the National Cargo Bureau,
Inc., which is the agency, designated by the U. S. Coast Guard, to enforce the provisions
of the Code on ships loading bulk grain at United States ports. In all cases where the
intent or meaning of any I M O Grain Rule discussed in this booklet is subject to ques-
tion, resolution must depend solely on the content of I M O publication No. 240E. This
publication can be purchased at most nautical bookstores or, directly, from:

International Maritime Organization
Publications Section

4 Albert Embankment

London SE1 7SR

United Kingdom

Telephone: +44(0)71-735-7611

Fax: +44(0)71-587-3210

Telex: 23588
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FOREWORD

International Maritime Organization

The International Maritime Origination (I M O) is a specialized agency of the
United Nations which deals with maritime affairs, principally, those involved with the
improvement of safety at sea and protection of the environment. It was established in
1948, and is supported by 133 member nations. Acting in concert, these member
Administrations develop recommendations and regulations. In the case of regulations,
they mutually agree to incorporate them into their national laws and thereby give effect to
such regulations on a worldwide basis. The organization is headquartered in London,
England.

Principle of the I M O Grain Rules

The I M O Grain Rules are based on the recognition that in a compartment nomi-
nally filled with grain there exists a void space between the surface of the grain and the
overhead of the loaded compartment and that, due to the motions of the ship in a seaway,
there is a possibility that grain will shift, unsymmetrically, into this void and thereby
cause a possibly dangerous loss of stability. The Rules minimize this possibility by
requiring that the grain be trimmed to a level surface so that a large angle of motion is
needed before the grain will move or, alternatively, by physically restraining the surface
of the grain against movement. Additionally, the Rules require demonstration by calcu-
lation that at all times during a voyage the ship will have sufficient intact stability to pro-
vide adequate residual dynamic stability after taking into account the adverse effect of a
grain shift if one should occur. Since the magnitude of a grain shift depends upon vari-
ous dynamic factors, it cannot be precisely anticipated. Therefore, the I M O Grain Rules
“assume” an angle of grain shift and then specify a minimum level of acceptable stabili-
ty for the carriage of grain in terms of the resultant angle of heel due to the assumed grain
shift, required residual righting energy after such shift, and initial metacentric height. It

should be noted that the pattern of grain movement prescribed in the I M O Grain Rules /

is not intended to portray the actual movement of the grain surfaces as the ship moves in
a seaway. Nevertheless, it is considered that the calculated heeling moment based on this
prescribed pattern of grain movement adequately represents the actual effects which may
be encountered. "

Limitations of the I M O Grain Rules

The scope of the Code is limited to matters which relate to the intact stability of the
ship. It does not relate to the following matters: damage stability, hull strength, fire safe-
ty, pollution prevention, fumigation, matters pertaining to the individual safety of persons
on board the ship, or matters pertaining to the satisfactory out-turn of the cargo.

These concerns are not unique to the carriage of grain and must be considered by
the owners and the master in the context of the regulations, instructions, or responsibili-
ties which are otherwise applicable.

HISTORY

Grain has been carried aboard ships for thousands of years. As one of the major
items in the maritime market, it attracted attention because of its importance and the spe-
cial problems it presented. The tendency of grain, when carried in its bulk natural state,

15



to shift within the cargo space of a ship moving in a scaway represents a potential hazard
to vessel and crew. Consequently. the problems raised by such carmiage are often the sub-
ject of national requirements and intemational agreenents.

At the imernational Conference on Safety of Life at Sca, 1948, intermational regu-
lations applicable 1 (he carriage of grain in bulk were developed and incorporuted in
Chaples VI, entitled “Camriage of Grain and Dangerous Guods”, of the Intermational
Conventiun for the Satety of Lifc at Sca, 948, These regulations proved effective as far
as safcly was convemed.

However, in the light of this safcty record, and in view of the increasingly high cosis
of the required tcmpurary Mittings andror bagged prain, a review of the repulations adopt-
ed in 1948 was undertaken, Revisiuns fo the regulations were made at the International
Conference on Safery of Life at Sca, 1960, and incorporated in the Tnternational
Convention for the Safety of Life at Sca, 1960, Under these provisions. ships which met
specitied stability requirements were allowed to substitwte large feeders for shifting
bourds Focrmecly required in and beneath the feeders and the limitation on 1he carriage of
heavy grain in vpper (ween-decks was eliminated. A new concept called “commun load-
ing™ was introduced which allowed 1wo or nwore compartments weparated hy decks to be
treated as a single compariment

The 1964} Confercnce alsu recugnized the need for international agreemeant on all
aspects of the sale carriage by sca of bulk grain and recommended that Governments sub-
mut to the Intermational Maritime Orgamzation details of their practices with a view (o
reaching an intcrnational agrecment on requisemenis for the strength of grain fittings.

Although the 1960 Conventiom did not enter into force unil 1965, most of the
Contracting Guvernments to the 1948 Conventiun, wishing to take advantage of the eco
nomic aid to shipping, in 1961 put the revised chapter Y1 into etfect as an equivalen. In
a petind of about 4 years following the intraduction of the new rules, sin ships loaded with
grain were lost and there were several cases where a severe list from shifuing grain had
causcd 4 ship to retum 16 pon tor comrection of its Jist.

Early 1n 1963, the work of a technical body within IMO studying intact siabilny of
ships, re examincd the data on which the grain rules of Chapier VI were based, particu-
Tarly thuse relating to prain sewlement from teeders into the helds and the abilicy to fill all
the spaces hetween Lhe beams and the wings and ends in the hold by trimming. IMO), rec-
ognizing the need 10 ehtain emnpincal data. imitiated a survey 10 which masters of ships of
many nationalines loading bulk grain in all parts of the world contributed.  Further stud-
ics and tes1s were carsied out by the Sub-Comimitier vn Subdivision and Stabiluy and the
Sub-Commatice on Rulk Cargues which confimmed that cenain principies on which the
regulations were based were invalid and as such rendered the Banic requirements unat-
taingble.

Thus, after review of all the regulativns of chapter ¥l in the light of the aloremcen
tioned studics. new grain regulations were prepared.  These regulations adopted by the
Assembly of IMC in October 1969 {resolution A 184(VD) and commonly known 45 the
“1969 Liguivalent Grain Regulations™ have been widely aceepied and used, in particular
by Administrations of coumnes javolved in the imemational camage of graim. As a com-
panion mecasure, the Assembly adopted nesolution A VRV which recommends tha
Guvemments similarly apply the 1969 Equivalem Grain Regulations o ships of less that
500 pross tonnage.
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When adopling the Equivalent Grain Regulations, 1he Assembly requested the
Maritime Safcty Committee to study duta compiled as a result of their application and
determune thewr suitability as an amendment to chapter VI of the 1960 Convention.

Accordingly, this evaluation and review was cammicd out by the Sub Commattee on
Containers and Cargues (formerly the Sub Commntee on Bulk Cargoes) over a period of
3 years, It was found that the use of the 1969 Eguivalent Grain Regulations resulted in
cnhanced safety 1n the ransport of geain in bulk and proved o be morte practical, and in

aONE cases, Jess expensive than the application of the requirements of chapter VI of the
1960 Convention,

The 1969 Eqyuivalent Grain Regulations were only shighily amended in the light of
aperational experience, and the amended wan was initially adopied by the IMO Assembly
i November 1973 (resolution A J64{VTTDr an an amcndnwent 10 the 1960 Convention.
When adopting the IMO Grain Rule. the IMO Assembiy revoked resolulion A 184V
which included the 196% Equivalent Grain Repulntions provisions of the new IMO Grain
Rules anncxed e resolution A.2641 V1T as i total replacement for chapter VI of the 1960
Convention. B was recognized that approvals issued under the provisions ot the old 1969
Fauivalent Grain Regulations (A T8 V1) § would be considered as generatly complying
with the new IMO Grain Rules.

The Sub-Committee on Containers and Cargoes recommended in 1980 that valid
approvals under resolutions ARV} and A.264¢VIIT) be deemed to be in compliance
with, or equivalent 10, the requirements of chapter ¥1 of the 1974 Convention, provided
that no alteration affecting the approval ot grain loading indormation had taken place after
such approval was given. The Sub-Carininee funther agreed 10 this end that the approval
of ships under ibe requirements of regulation 12 of chapter ¥l of the 1964 Convention
should remigin valid, provided that all (he requiremens of that regulativm were met and
turther that no alteration affecting the approval of 1he grain loading infermation had sub-
sequently been made. Finally, it was also agreed 10 recommend that no tunher documents
woull be required where valid approvals existed for the ships described above.

These recommendations were approved by the Maritime Safety Committee a ils
forty-second session in May 19%0. The amended text was o furm the basis of new inter-
nitional requirements for the carrage of grain in bulk and to be knawn as the “IMO Grain
Rules™. Apan from a few minor editorial changes, the text of these Rules and the text of
chapier ¥1 uf 1he International Convention for the Safety of lite at Sea, 1974, which
entered into force on 25 May 980, are identical.

Also, during this interim period, certain Adnnnistrations made some changes in the
griun mles as applied to theic own ships, One of these was to give a dispensation from
trimmeng the ends of filled holds on specially swtable ships. Anather was the experi-
mental wse of wire reinforcing mesh as a means tor securing a stack grain surface.

In November 1981 the Mantime Satety Comnuistee, at ity forty-tilth sesston, adopled
a number of amendments to the 1974 Cunvention, including some related 10 chapier V1,

In 1892, at its fifty-ninth session, the Maritime Safely Commitice decided (o resiruc-
ture chapter V1 of the International Convention for the Safety of Life al Sea, 1974
(SOLAS 1974), to apply w a broader spectrum of cargo-related matters and (o wansfer the
mandatory regulalions pertaining 1o the carriage of grain in bulk 1 4 new documeni cnti-
ted “"The International Code for the Safe Carriage of Grain in Bulk. These changes went
into effect on January 1. 1994,
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INFORMATION ON REQUIREMENTS
Application

In accordance with reguirenwent i, regulation 9, Pan C, chaper V1ol SOLAS §974,
s amended, and regulatoen A 1.1 of the Code, the Code applics . and is mandavory for
all ships regardless of size, including those of less thun X} gross tons, which cary bulk
grain on an international voyage. However, it should be noted that wwo of the require-
ments in the Code apply only to ~hips built after January | 1994, One is a jeguirement
pertaining (o the provasion of a ble of penmissible heeling moments. This is discussed
in a paragraph marked with un asterisk, on page 27, The aiber requirement pertains 1u the
immersicn of the devk edge and is staed in the second paragraph on page 26

A provided for in regulation A K of the Code, Documents uf Authorization which
were previcusly approved under Regulation 12, chapter ¥1 ol SOLAS 1960, or 1 M ©
Resolutions A 1844V or A264(VIID, will continue 1w he recognized.  Existing ships
holding such Documents dre nut required to obtain acw Docunents ut Authorization indi-
cating compliance with the Code. Muore informatien on Documents of Authorization is
given on page 28,

In the case of vessels registered in the Linited States. the Code applies to all ships
and harges camying grain in bulk, whether or not engaged on an intemational voyage
except that voyages on inland waters, the Greal Lakes, and specified coasial waters arc
caempted,

Deflinitlon of Grain

2.1 The term grain covers wheal. maize (com), oats ryc, barley, tice,
pulses, seeds and processed forms thereof, whose behavior is
similar 1o that of grain in its natural stale.

The term “pulses” includes edible seeds for such leguminous ¢rops as peas, beans
or lentils, Maize includes vanetics such as sorghum (milo).  Nuts such as peanuls in the
deconicated form are ingluded. However, undecorticated (unshelled) forms are not.
These reguirements apply ko saw-delinted cottonseed and acid-delinted cortunseed but noi
10 linted votwmseed. The requitements du non apply w processed grains such as flour or
soybean meal. but processing is not the determnining criteria. For cxample the require-
ments do apply to rapesced pellets. In general, when there is @ question as to whether o
not the requirements apply (0 2o agricullural commodity, the angle of repose, {i.¢.. 1he nat-
ural anglc with hurizomal which a frecly poured pile will attain) should be carcfully mea-
sured. I itis 30 degrecs or less, the requirements of the Code should be deemed (o apply.

Trimming

When grain is free poured into a compartment it arranges iseld inte a pile of coni-
cal shape. The angle uf the surfave of the grain with horizontal varies with the speaific
varety of the grain bur may be as much as 30 degeees. This is termed the angle of repose.
If the pile is stativ. the surface would remain undisiurbed. However,if the prain is in a
ship and is subjected 1o the motions of a ship at sca, the grain srface could move in
response W this motion moving the center of gravity of the grain mass.  This s a grain
shift. This off-center weight condition is a8 GRAIN HEFLING MOMENT which causes
the ship to heel.

But if the surface of the grain is levelled (0 a zero degree angle with horizontal, then the
ship would bave w roll in excess of the angle of repose, for example M) degrees. before
the geain would shift. Conscquently, to minimize the possibility that bulk grain will shift
at sc, the | M O Grain Rules require that the grain be timmced, i.c.. levelled after it has
been loaded.

The oagnitude of & geaen shift depends upon the amoeunt of open space above the
graim into which it cun move. Thus when a compattment is tilled ta the maximum extent
passible, the adverse effect of the grain shift, i.e., the grain heeling moment, will be less
than if the compartmeat is partly filled. The Grain Rules recognize this by assuming a 15
degree shift uf grain when the compantment 1s filled as opposed o a 25 degree shift when
a compartment is partly filled. In both cases the grain is trimemed, but there is 3 much
greater volume of open space abave Lhe gruin surface when the compartment is partly filled.

2.2 The term fitled compurtment, trimmed. refers (0 any Cargo space
in whaeh, after logding and tnmming as required under A 10.2,
the hulk erain is at its highest posaible level.

This is underslood to mean that, 10 the hatchway, the grain is filled to the level with-
in the coaming which will be au the underside of the butchrovers or the underside of the

hatch beams which either frame ur suppant the hatchcovers. The grain must be trimmeel
level o 1bis heigh.

Beneath the deck, cuboard and fore and aft of the hatch openung, the grain must be
trimened level to the maximum extent possible. Because of the capability of the muchines
wsed for tnmming Uus 15 generally w a level skightly above the buttom of the hatch side
girders and hatch end beams.

Figure ] iltustrates a wansverse section through a filled compartment, timmed,
Figure 2 shows a companiment which appears to be trimmed, filled but which is not
hecause the spaces outside the penphery of the hatchway were merely free-poured.

Figura 1
ACCEPTABLE

Figure 2
UNACCEPTABLE

2.3 The term fitled compartment, untrimmed, refets 10 a cargo space
which ix filled 10 the maximum cxtent possible in way of the
hatch operung but which has nov been trinumed outside the
periphery of the hatch opening either by the provisions of A
10.3.1 for all ships or A 10.3.2 for specialty suitable companiments.




As illustrated in Figure Y. below. grain does not have o be timmed if its surface is
permancnlly resrained by graintight steucture which slopes atan angle of 30 degrees or
mare. On most bulk cartiets this is achieved by having the structural design include upper
win tanks extending the length of the holds, port and starboard. In accordance with reg-
ulation A 2.7 compastments so fited ate termed speciatly sutiable. And. while in a filled
compartment. the grain is restrained against shift in the areas to the port and starkkoard of
the hatch opening, it is not similarly restrained by the horizontal surface un the underside
of the dleck furward and aft of the hatch opening. By regulaton A 10 3.2, 1cmming is not
tequircd in these areas but only in specially suitable comparmients and vnly when the
compartment is otherwise filled, 1.¢., the bulk grain 15 filled 10 the maximum extent pos-
sible in way of the hatch opening.

E

47 . UPPER |
WING Figure 5
TANKS

With this Lype ol arrangement, the surveyor will always want to ascertain, before
loading commences, thal covers, if any, have becn removed trom all deck apenings or that
all feeding ducts are fully open to pass grain.

R I o 24 The erm pardly filled compurtment refers o sny cargo space
I y where in the bulk grain ix not loaded in the manner prescribed in
A220rA2R,
Figure 3 -

ACCEPTABLE . Whenever a compantment is not filled then, as required by A 10.6, ihe entire grain
surface must be tnmmed level (©© minimize the possibility of a grain shift. 1tis to be espe-
Figure 4 shows a Jongitudina) scction, on (he centerline, through a filled conpartment vially noted thal there is no such status us afmoss filled. Either a compartment is filled in
with untrimmed ends. accordance wilh the prescription in requirements A 2.2 or A 2.3, or it must be regarded as

partly filled. In the former case. the Grain Rules assurie a potential grain shift of 15
tlggrccs. .]n the lalter case, the rules assume the more severe cffcct of a 25 degree shift.
Figures 6 and 7 show examples of partly filled compartments.

ULLﬁGE GREATER THAN O

Figure 4

Additionally, the Grain Rules provide that the filled compartment, untrimoted sta-
tus can be applied to compariments which are not specially suitable but, instcad, are pro-
vided wilh feeder ducts, perforated decks or other similar means which reduce the open
volume of space above the free-flowed grain surface so that it is equivalent (o that which
would obuain if there were nwo fecding arrangements and the space was trimmed in the 10r-

mal manner, Acceptance of this altemative must be included in the appeoved grain load- Figure 6 Figurs 7

ing information referenced in the ship's Document of Authorization. Figure 5 illustrates

a transverse section through & ship with a filled lower hold which does not have to he In addition 1o filled and pantly fillcd, there is another stowage arangement which
trimmed because of the use of deck perforations in Lhe Lween deck. should be mentioned. On multi-deck ships, such as break bulk or general cargo ships,
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regulation A 10.6 permits 1.OADING IN COMBINATION, (also known as comsmon
loading). In this type of loading the hatch covers in the intermediate decks, i.e.. the tween
decks. are left in the fully open position. Thus the grain in way of the vedtically aligned
halch openings is 4 homugeneaus column and void spaces exist only beneath the periph-
cral decks at each level and. of vourse, heneath the uppenmost, closed hatch cover. The
grain in the peripheral areas must be filled anl rimmed level. This procedure contplete
Ty eliminates the void space heneath the hatch covers at every level except the uppeamust
andl. therefure, results 1o 4 smaller grain heeling moment than would apply if the filled
grain heeling rooments at cach fevel were summed.

There are 4 tew caveats concerning the use of this option, The data w caleulate the
grain hecling moments which apply for this condition zust be incladed in the approve.d
geain Toading booklet. The hawh covers in the (ween decks must be in the fully OPEA PON-
tivn, Aud, it they are the retractable type they must nol. when in the open position, pre-
vent the grain in the peripheral areas from avaining the filled, timmed condition.  Figure
% shows a Iransverse section through a cargo hold which is Joaded in combination.
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Yolumetric Heeling Moments

Before departure from pon, the grain in a ship has been loaded symmetncally and
rimmed level. So the center of gravity of the grain mass is on the centerline and the ship
is upright. This UPRIGHT CONDITION is specifically required by regulation A.7.3.
Since the weathez, sea, and even operating condition of the ship cannol be anticipated for
the duration of a voyage, it is possible that, in spite of the precautions which have been
taken, the grain will shift. If this occurs the center of gravity of the grain mass will mave
off he centerline of the ship and the distance it moves multiplied by the weight of the
grain constitutes a force, known as the GRAIN HEELING MOMENT, which will list the
ship. The magnitude of this moment depends upon three factars: the anglic of .shif} (1501
25 degrees as assumecd by the regulations), the intermal geomelry of the ship (i.c., the
shape of the space mnto which the grain shifis), and the weighl of the grain.
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Because of the tedious and lengthy arithmetic involved, it is not peactical for the
ship’s officers to calculate the grain heeling muments for a specific loading condition,
However, since the angle of grain shift and the intcrmal geometry of the ship always
remains the same, the naval architect. in accordance with directions set forth in Part B of
the Code, can pre-culculate the volumetric heeling moments for the various carge com-
pactments and the different ullages of grain in the compartments. Of couese, a volume
times a distance cannat exer » force. Bul a volume of space divided by the stowage fac-
ter of the commedity which fills the volume, equals a weight. So the regulations utilize
the ynathemanical stratagem ol tabulating volumetric heeling moments which, when divid-
ed by the stowage [actor (as defined in rule A 2.6) of whatever variety of grain is loaded,
gives the grain heeling moment, Thus,

Grain Heeling Moment = Yolumetric Heeling Moment
Stowage Faclor
{per A 2.6)

A Yolumeiric Hecling Moment, since it represents an unrczl concept of a2 volume
tires a distance, has an unusual dimensiconal unit, namely m? . as derived below:

Volume x Distance = Mument
md m m*

It becomes a physical moment when divided by the A 2.6 stowage factor:

Valumetric Heeling Moment m* =  Heeling Momenl Tonne metres
Stowage Factor m¥tonne

Stowage Factor

Because of the way stowage factor is utilized in grain stability calculations, it has a
ditferent definition than is usually applied 1n commercial, maritime practice. In accoe-
dance with regulation A 2.6, stowage factor means the vulume per unit weight {ft? long
lon ur m* ftonnc) as atesled by the loading facility. While thas value allaws for the inter-
stices between the grain panicles, it does not include “broken stowage™, i¢., the space left
vacant when the companiment is nominally filled. This approach is necessary because the
weight of the mass of grain which moves iransversely in a grain shift, is the actual weight
and not a weight reduced by the void spaces which constinute the hroken stuwage in the
compartment as 3 whole. Since loading facilities in the United Siates usually furnish test
weights per bushel, see page 96 in Lthis hooklet as  how this data can be tanslated into
the stow factors specified by the Coxie.

Itis to be noted that when calculating the weight of grain which can be stowed in 2
compariment (1.e., for use in calculating the displacement of the ship), the conventional
stowage factor, which allows for broken stowage, should be used, Generally, this 1s based
on knowledge of previous loadings and/or on the experience in the port.

In the casc of filled, untrimmed compartmenys the daia in the Grain Loading manu-
al, listing the reduced volume for this cundition, generally undersiates the volume. This
1s because Part B of the Code directs the naval architect to base his cakculation on an angle
of repose for the grain of 30 degrees whereas it may actually be as low as 23 degrees.
Thus, if these values are used more grain may be loaded in the “filled, untrimmed’” com-
partment than the calculations anticipalcd. This can result in a deeper dtaft andior a
greater uitage in another compartment which was planned to be partly filled. Unless there
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is prior experience to rely on, it is wise (o use the full capacities lor fitfed, untrimmed
compartpients in inilial calculations so any differences will be on the safe side and
remediable.

Siability Requirements

{nee the priin hecling smoment has been determined, (he responsc of the ship 1a this
imamunt. e, the penminent angle of heel and, also. the amount of reserve stability which
remtins, depewds upon the hydrosiatic propeeies of the ship an the actual displacement
and vertival eenter of gravity, The Code preseribes e following reguirements in these
repards:

7.1 The imtact swhiliny charactenstics of any ship canying bulk grain

shall be shown to meet, throughout the vovape, at leusthe fullowing
¢riteria after taking into accowm in ihe manier deseribed in Part B of
this Code ancl, in fipure A7. the hecling moments duc (o grain shift;

b the angle of heel due te the shifl of weain shall nol be preater than
122 or m the case of ships constructed on or afier | January 1994
the angle ot which the deck edge s mmersed. whichever is the
Jesaer,

.2 in the statical stability diagram, the net or residual area between
the heeling arm curve and the righting arm curve up o the angle
of heel of muximum ditfesence between the ordinates of the 1wo
curves, or $0° or the angle of leoding ¢4,), whichever is the least,
shadl in ull condilions of lowling Be not less than Q.075 metre-
radians: wnel

3 the initial metacentric height. after correction for the free surface
effecis of liquids in tanks, shall be not lcss than 0.3G m.

See diagram next page P

righting arm

40°
— “ ——
Angle of Flooding
—or— whichervar is i
Angle of Maximum lecrst 4 a—GM
Diffecance between | P
Curves | ,’ |
T T ” |
| | righﬁng arm orve
angle of heel due 1o | =
grain shif N )
)
7" resicheal I
l g dynonsic : hesling arm curve due
‘w. | 10 Iransversa grain shift
/ ! which may be approximaely
/ 4 I B represented by the
va : I A siraight line AR
1 J 40 ll
T T T T
0° 40° 5723
angle of heel
1) Wheee: glé o} hee
A

a = assumad vol. healing momeni due to tronsv. shift
stowoge fodor x displocament
Aap <08 x A,

Displocement = waight of ship, fuel, fresh water, stores wic. and cargo.

{2] The righting arm curve shall be derived from eross-curves which are sufficient

in number ke accuralely define the curve for the purposa of these requirements
ond sholl inchude cross-curves ot 12 and 407, ° s

Figure A7
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7.2 Belore loading bulk grain the master shall, if so required by the
Contructing Government of the country of the pon ot loading. demon-
straate the ubiliny af the sbip at all stapes of any voyage o comply with
the stabiliy criteria reguiced by this scetion,

7.3 Afier loading. the master shall ensure that the ship s upright before
proceding 1o sea.

The First step in determining compliaace with these requirements is Lo calculate the
tinal displacement amd vertical center of gravity correcied for the free surfuce of the Tiy-
wis un board {KGv), This is the same calculation which is made tor any cargo ship.
From the KGy, the metacentric height (GM) can be caleulined and, as reguired by A 7,15
it st e not less ihas 0.3 metres,

The valwnaebic hecling mement data, provided in the approved., grain kading infor
manon. is used to culealste the grain hecling monwen for each companmen!t wherein grain
watowed. The stn ol these moments is the 10wl priin heeling moment s hich the Code
assumes 1he ship maay be subjected 1 i the geam shitts. This moment will cause the shap
10 heeh and A .11 reyuises tha this heel should non be geeater than 12 degrees. On some
ships with low frechoarids, a 12 degres heel could iimnerse the deck edge which is o very
wndesirgble condivion.  Therelore, the older version ol the Grain Rules recommended 1hat
an angle af heel which immersed the deck edge should not be exceeded even ifat was less
than 12 deprees One of the few changes which were instituted with the inception ol the
Code, namely. regulition & 6.3.2, was to make this & reguirement Jor ships built atiee
January L. 1994,

The hasic means tor calculming the angle of heel which will result frem an applicd
heeling moment is 1o construct a stability curve for the actual displacement and KGy frem
the information furnished in the ship®s approved Cross Curves of Stability ancd 1o soper-
impuse on it a second curve derived from the grain heeling moment as shown on Figun:
A7. A methud far doing this is cxplained on pape 34 ths booklet.

Repanclless ub imtial GM, o ship which is beeled w an angle of 12 degrees could be
i a very peritous concition. T puard against this, regulation A 7.1.2 requiees thata shop
heiled g0 an angle of 12 degrees, bave a reserve of stability. This iy a dynamiv ruther e

2 stuic amoune and 1t indicated inthe Code ax a minimum of 075 metre ridans o

residual area within specitied boundarics an the aforementioned stability curve as shown
on figure A7, A muthod for measuring this ares is givea on pages 56 and 57 in
this booklet.

In some cases, but not all, one vl (e boundares of the residual arca may be the
Anele of Flooding (8.3, which is defined in repulation A 2.5, s the angle of eel at which
apenings in the hall, supersiuctunes ar dechhugses, which cannot be closed weathertiph.
immerse. Small openings, through which progressive flooding cannot take place nes not
he considered as open. Progressive loadmg means (hat adjoining watertight compart-
ments 1l conseeutively as the tm of 1he ship changes due 1o the gradually inceeasing
weight of the {laokl water. Goosenweck vents or lunk averflow papes ate examples of sall
apenings which are exempled in this defivibion. Figore 8 sllusirates the Tocation of an g
intake far the main engines, which would esrablish the angle of Moaedimg. Naote tha the
gowseneek vents at the deck edge do net establish e sigde. Also. it is importan i nue
that the angle changes as the draft ol the ship changes, As the draft incicases, the angle
of Nionding (8,1 leereases.

DRAFT = 17°
8, = 43°
Figure ¢

The construction of a stability curve from the Cross Curves of Stahility and the mea-
sureme s taken therefrom have been eliminated and the calculations necessary o deler-
mine compliance with regulation A 7.1 of the Code have been greatly simplified by the
usc of Tables or Curves of Maximum Permissible Heeling Moments. See regulation A
6.3.2 in the Code. Tn liew of valculating the actual GM, angle of heel, and residual arca
which will obuwin for a given displacement, KGv, and total grain heeling moment and then
testing these values against the requirements of the Code, the naval architect pre-calcn-
lates the maximum heeling moment which will meet all three of these conditions for e very
combination of displacement and KGv within the range of Lhe ship's operating conditions
and lists them in corves or a table which is part of the data in the ship's approved Grain
Loading Information. Thus all the ship’s master has (o do is calculawe the displacement,
KGv, and total grain hecling moment and check in the Permissible Heeling Moment Table
(or curves) to determine if his calculated grain heeling mement is equal 1o or Jess than the
penmissible heeling moment lisied in the table. Page 53 in this beoklet gives an ¢xample
of how this table 1s used and a method for interpolating as is usually nccessary when using
the table,

*  Tables or curves of maximum permissible heeling moments are nol required for

ships built before January I, 1994. However, most ships have them because of (he time
and ¢rrum saved by their use. They are required on ships built after that date. This 15
anather one of the few changes in the Grain Rules which were instituled with the incep-
tion of the Code.

Notice that the Cnde requires, in regulation A 7.1, that these swahility regulations
must be met throughout the voyage. Thus it is not sufficient to check for compliance at
the point where thc ship completes loading. including bunkenng, and departs upon its
voyage. A check must be made for the departure conditivm and for the arrival condition,
Le., after the change in displacement and KGv duc W voyage consumption of fuel
and consumables. If the voyage is interrupted by calls at intermediate peorts to load or
discharge cargo (whether it is 2rain o not} or 10 bunker, the depatture and arrival condi-
ticns must be calculawed for cach leg of the voyage. Additionally, if the condition upon
armival at the grain discharge port includes ballast which was not on board a1 the time of
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departure, then compliance wath regulation A 7. | must be confirmed at the point a1 which
(he ballast was 1aken. Although adeguate stability, during hallasting, can be assured by
judicious procedures il is wise lo investigate the most unfavorable condition which can
exist at this time, i.e., valculale the KGv without the reduction in KGv due to the ballasi-
ing hut inchuwe the ftee surface effect of the ballast while the tank 1x being filled. Thus if
ballast is required, it should be taken at a point in the voyage when the aforementioned
condition meets the stability requirements of reguladon A 7.1

Grain [oading Manual

Regulation A 3 requires that the information which the master needs to perform the
stability caleulativns necessary to confirm compliance with the Code, be fumished in a
GRAIN LOADING MANUAL. It may be drawn up in the language of the issuing coun-
Iry but it that language is neither English or French, the texi shall include 2 aanslation into
one of those languages. Thus 1he manual will be suilabke for use by the ship’'s personnel
and by the authuritics al any port where the ship might load bulk grain. A copy of the
Grain Loading Manual and any associated plans shall be maintained on board the ship in
onder that the masier, if so required. can produce them for inspection and use by appro-
pnate authoritics at the ports of loading.

Regulation A 6 lists the specific data and intormation which is 1o be included in the
Grain Loading Manual. However, these dewails are not the responsibility of the master. If
the Gnain Loading Manual is appruved by the Administration or an agency authorized to
act on behalll of the Administration, then the content of the Grain Loading Manual shall
be deemed to be in compliance with reguiation A 6.

Docusent of Authorization

Cue of the basic principles of the International Convention for the Safety of Life at
Sea, is that member nations will be nesponsible for the details of compliance with the
requirements of the Convention and thal other nations will accept, on good faith, that
ihese detsils have been praperly observed. But gach nation relains the right to ascerntain
that any ship which conducts commerce from its ports has, in fact, been subjected to the
promised oversight by its home Administration. In the case of ships carrying grain in
bulk, the mechanism for accomplishing this is the Document of Authorization, described
in regulation A 3.

The Document of Authorizalion is a certification made by an Administration which
is signatary to the Convenuon or by an agency authorized 10 act on behalf of that
Administralion, thal a specific ship under its registry is capable of carrying grain in bulk
and thal the information in the Grain Loading Manual, defining such capability, bas been
reviewed and is approved as being in compliance with the requirements of the Code. Thus
when a ship of a nation which is signatory to the Intemnational Convention, preseats itself
1o load grain at any port of a nation which is also signatory, the information in the
approved Grain Loading Manual will be accepted as being correct and will be utilized 10
determine 1bhat the specific stowage arrangements and loading condition for the forth-
coming voyage complies with all the requirements of the Code. Since over 130 nations
are signatory to the Convention, this means thar the Document of Authorization will be
accepted a1 almost every port in the world

Of course, if 2 nation is not signatory to the Convention, then member nations would

not extend to its ships the benefits of being signatory, i.c., Grain Loading Manuals or
Documents of Authorization would oot be recognizcd.

Ships Without a Document of Authorizathos

Unlike a Trirm und Swbilily booklet or a Cargo Ship Safety Construciion Certificate,
the Imemational Convention does not require Lhat every cargo ship have a Document of
Authorization. Instead this Document is optional for ships, usually bulk carriers, for
which it greatly facilitawes their operations. The Code provides two options under which,
subject to certain limitations, a ship without 2 Document of Authorization may load grain
in bulk.

a) Under regulation A 3.5

The master musl provide to its home Administration, plans and calculations which
demonstrate Lhat the proposed stowage arangements and Joading condition complies with
the requirements of the Code. The calculations must include detivation of the volumetric
heeling moments which are used as well as the calculations demonstrating compliance
with regulation A 7.}. When the homme Administration approves the calculations, the mas-
ter must present the approval al 1he port of loading. Alternatively, and oaly if the home
Administration so authonizes, the authorities ai the port of loading may review and
approve the calculations prior to permitting louding.

b) Under regulation 9

A ship without a Document of Authocization may cuy a partial cargo of butk grain
without performing all \he detailed calculations required under the option previously
descaibed, by utilizing the provisions of regulation ¢, quoted belaw. Nuie that authority
10 usc this option must be obtained from the home Administration

9.1 A ship not having on board a document of authurization issucd in
accordance with A 3 of this Code may be permitted 1o Joad bulk grain
provided that:

1 the wtal weight of the bulk grain shall not exceed one third of the
deadweight of the ship:

.2 alt filled compartments, trimmed, shall be Ffitted with cenierling
divisions extending. for the futl Jength of such compartments,
downwards from the underside of the deck or hatch covers to a
distance below the deck tine of at least one eighth of the maximum
brcadth of the compartment or 2.4 m, whichever is the greater,
except that saucers consiructed in accordance with A 14 may be
accepted in licw of a centerline division in and beneath a hatchway
except in the case of linseed and other seeds having similar properties;

.3 all haches to filled companiments, rimmed. shall be ¢losed and
covers secured in place:

4 all free grain surfaces in partly filled cargo space shall be trimmed
level and secured in accordance with A 16, A 17 or A 18;

.5 throughout the voyage the metacentric height afier correction for
the free surface ¢ffects of liquids im tanks shall be 0.3 m or that
given by the following formula, whichever is the greater;

GMz =L BV, (0.25 B - 0.645 ¥V, B)
SF x & x 00875




L = total” combined length of ull full compartments
(metres)

B = moulded breadth of the vessel (metres)

SF = stowage facior (vubic metres per tonne}

V, = calculated average void depth calculated in accor-

dance with B 1 (mctres - Note: not millimetres)
A = displacement (1onnes): and

6 the master demonsirates (o the satisfaction of the Administratdon
o the Contracting Government of the part of loading on behalf of
the Administration that the ship in its proposed loaded condition
will comply with the requirements of this section.

The factor ¥y, average void depth. needed for the calculation required by this option
necessitates reference 1o Part B of the Code, which contains the details necded by naval
archiects o prepare Grain Loading Manuals. However, lables to calculate V, are pro-
vided on pages 62 and 63 of this booklet 1wgether with a rearrangement of the formula in
regulation A 9.1.5, intendwd 10 make it easier 10 perform on a calculaor,

Implicit in the option under regulation A 9, is the loading vondition whereby no
grain stability calculations arc required. I, in accordance with regulation A 9.1.4, all ihe
bulk grain cargo is carried in partly filked holds und securcd, and the total weight of grain
is Jimiated as per A Y.1.1, then there is no grain stability requirement. However, if the
Administralion imposcs a cargo ship stability requirement, then this would still apply.

Additiansl Geain Stowage Requirements

In addition 10 \nmming to minimize the possibility that bulk grain may shift, tegu-
lation A 10 makces other requirements which arc necessary to achieve Lhis purpose.

Regulation A 10.4, requires that if there is no bulk cargo or other cargo above a
lower cargo compartment cuntaining bulk grain, the haich covess shall be held in place
either by having a sufficient mass of cargo above to hold the tween deck hatch covers in
place ur having permanent securing devices on the covers. The need foc this is evident
when considering that if the covers arc not secured, a shift in the grain below could cause
the covers ta lift spilling the grain inte the upper companument and thereby generating a
grain hecling moment as shown in Figure 10, below:

See diagrom next page P

Figure 10

Stmilarly, regulation A 10,5 requires that when bulk grain is stowed on top of ¢losed
tween deck hatch covens which are nol grain-tight, such covers shall be made grain-tight
by taping the joints, covering the entire hatchway with tarpaulins or scparation clothes, or
other suitable means. [t is nbvious that if some of the bulk grain in an upper companment,
i the course of the vuyage, shifts down to a lower compartiment theaugh the juints in the
histich covers, then the void space above the grain in the upper compartment will increase.
This will 1ncrease the potential grain heeling moment to a grealer value so that the stabil-
ity caleulations, made a1 the stant of the voyage, will not indicate the acival status of com-
pliange.

In the case of specially suitable compantments which are filfed, untrimmed 1o accor-
dance with regulation A 10.3.2, the grain in the spaces forward and aft of the hatchway is
disposed at its angle of repuse flowing outward from the lower edges of the hatch end
bewms. However, if there are feeding holes in the hatch end beams, as shown in Figure
11. the gratn flows from the holes therehy reducing the void space which would obtain if
the grain flowed from the lawer boundary. Where such holes are provided 1he 1abulated
sulumetni¢c heeling moment takes credit for the smaller void space. Thus, when the hatch-
way is filled, time musl be allowed tor the feeding thruugh the feeding holes to be com-
pleted. When feeding ceases and the hatchway is fitled, then the hatch can be ¢losed.




Other Methods of Achieving Complinnce

In the evem that the stability calculalions for a praposed stowage arrangement do
not meet the stabilily requirements of regulation A 7.1, alternaic stowage arrangemenis
should be investigated. If this is nut successful, othet, usually more costly. alternatives
arc available as follows;

A. Ballasting

If there is reserve deadweight, i.c.. if the proposed loading condition does not bring
the ship to its permitted Load Line draft, then aking ballast may he helpful. The ballast
should be in the double bottom tanks and the tanks should be filled to climinate free sur-
face cffect. Thus low weight will increase the displaccment and lower the KG,,.
Generally. this will increase the permisaible grain heeling moment and this may be suffi-
cient to make 1he proposed slowage arrangement acceplable.

If this alternative is (o be used. 1be: ballast must be on board at the time of departure.
Sometimes, because of dirty harbor water or similar considerations, 1t is not advisable for
the ship 10 ballast while at the loading betth. In such cascs, the stability caleulation should
show the ballast on board and the master must certify that the ballasting wall be complet-
ed enroute o sca and before the vessel departs sheltered waters. This certification may
be in the form of a letter, on ship’s stationery, signed by the master.

This oplion does not requirc any special information or endorsement in the Grain
Loading Manua),

B. Overstowing

If one or mwre of the grain companments is party filled, the grain hecling moments
for such compantments is much greater than it is for the filled compartments. The grain
heeling moment for a paniy filled compartment can be climinated, i.e.. reduced 1 zero,
by securing the slack surface against shiRting by overstowing it with bagged grain or with
other cargu which will have the similar effect of restraining the grain surface against any
movement. A reduction in the total grain heeling moment, achieved by this means, may
be sufficient to hring the proposed stowage arrangement within the limit specified in the
Permixsible Hecling Moment Table,

This option does not require any special information or endorsement in the Gramn
L.oading Manual.

The specific requiremenis for overstowing are given in regulation A 16, as follows:

16.] Where bagged grain or other suitable cargo is utilized for the pur-
pose of securing partly filled compertments, the free grain surface
shall be Icvel and shall be covered with a separation cloth or eguiv-
alenl or by a suitable platform. Such platform shall consist of bear-
ers spaced not more than 1.2 m apan snd 25 mm boards laid there-
of spaced pot ore than 100 mmn apart. Platforms may be con-
siructed of other materials provided they are decmed by the
Administration to be equivalent. ’

16.2 The platform or separation cloth shall be 1opped off with bagged
grain tightly stowed and extending 10 a height of not less than one-
sixtcenth of the maximum breadth of the free grain surface oc 1.2 m,
whichever is the grester.

16.3 The hagged grain shall be carmicd in sound bags which shall be well
ey and securely closed.

16.4 Insteud of bagped prain. other suwitable carge tightly stowed and
exering at least the same pressuce as bagged yrain stowed in accor-
dance willl A 16.2 iay be usedl.

C. Saucers

The grain heeling moment may b significantly reduced in a tilled compartiment by
vonstructing a saucer, as described in regulition A 14, below. in the square of the Tinch-
wuy. This device has the same cffeet as a centerline, grain-light bulkheud in that i pre-
vents the grain from shufting across the entire breadih of the compartment, as illustrated
wn Figure 12.
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Figute 12

Unless there are grain-light divesion forward and al( of the hatchway, the effect is
limited (o the longitudinal length of the sauger, The volumetne heeling moment which
applies i a specific compartment when a saueer 1s titted must be included in the approved
Grain Loadiog Mapual if this option ix to be available for use by the ship,

The specitic reguirements pertaiming to the use and construction of saucens are given
inrepulatton & |4 as follows:

4.1 For the purpose of reducing the heeling wmnent o saucer may be
wsed in place of a longitudinal division in way of 2 hatch opening
only in a filled, trimmed, compariment as defined in A 2.2, except in
the cisse of linseed and other seeds having similar properties, where
4 saucer may not be substituted for a longitudinal division. If a
longiudinal division is provided. it shall meet the reguirements of
A 1009,

142 The depth of the saucer, measured from the bottom of the sauger to
the deck line, shall be ax tollows:

-1 For ships with 4 moulded breadth of up 1o 9.1 m, not Less than 1.2 m.
.2 Forships with a mouliked breadth of 183 m o nume, T kess than 1.8 m.

A For ships with u mouwlled breadth between 9.1 m and 183 m, (he
minimum depth of the sauver shall be calculated by interpolation.



14.3 The top {mowth) of the saucer shall be formed by the underdeck
structure in way of the haichway, i.¢.. haich side girders or voamings
and huteh end beams. The syucer and hatehway above shall be com-
pletely Tilled with bagged gram or other suitable cargo laid down on
sseparation cloth or it egquivalent uml stowed tightly against adja-
cont struetuse so as o have o bearing contact with such siructure to
il depth equal W oF greater than ene-ball’ al the depih speeified in A
142010 hull structore to provide such bearing surface s not avail-
able, the saucee shall be fised in position by steel wire rope, chain,
or double secl srupping as specified in A 17,14 and spaced nol
nwre than 2.4 m apan.

D. Bundling of Bulk {irain

Whereas o sauger is formed by a volume of bagped prain or similarly restraing
cargy, the sarie sesult of preventing a transverse shifl of grain across the entire breadih ot
the compartment, as illustaged i Figuee 12, may be acbieved hy Lonstructing a single,
large bag of bulk grain which fills the hatchway and which s fixed in position by ihe
structursl Boondarics of the hacchway. This is wrmed “bundhing of bulk prain™ and 18 an
acceptble allemanive to u saucer.

The valumetric heeling imament which applics when bundling of bulk grain 1s used
i specific companment js the same as that which applies for a saocer used in the same
location. aml it s be listed in the Geain Loading manual if thas option is w e available
for use by the vessel,

The spucific requirements peciaioing Lo the method of “bundling of bulk grain™ arc
given in regulation A LS, ax listed below, Itis to be noted that the limitations on its use
are the same as those which apply (0 a saucer and are specificd in regulation A 14.1.

As an alterative w filting the saucer in 4 filled, trimmed, compariment with baggped
grain or other suitable vargo a bundle of bulk grain muy te used provided tha:

15.1 The dunensions and means for securing the bundle in place are the
same s specified for a sancerin & 14,2 and A 143,

15.2 The: saueer is lined with a material aceeptable 0 the Administration
having a tensle srengsh of pot less than 2,687 N per S cm stip and
which is prowiced with suitable means for securing a1 the 1op.

153 As an altermative 1o A 15.2. a material acceptable 10 the
Administration having a tensile strength of not less than 1,344 N per
Sem strip may be used i 1he saucer 1s constructed as follows:

1 Athwartship lashings accepiuble 10 the Administration shall
be placed mside the sweer formed i the bulk grain a0 intervals
ol not more than 2.4 m. These lashings shall be of sufficient
length Lo peront being drawen up tight and secured at the top of
the saucer.

A2 Dunnage not dess than 25 mm in thickness or other suitable
material ul equal strength and between 150 mm and 300 mm in
width shall be placed fore and aft vver these lashings o prevent
Ihe cutting or chating of the material which shal) be placed there-
on to line the sauger,

|5.4 The saucer shall be filled with balk grain and sccured at the tep
except that when usiag materiat approved under A 15.3 further dun-
nage shall be Lict on top after lapping the material hetore the saucer
is secured by setting up (he lashiongs.

}5.5 It more than one sheet of material is usel o bine the saucer they shall
be joined av the bonom either by sewing or by 4 double lap.

5.6 The top ot 1he suuces shull e coincidental with the bottom of the
beams when these are in place and suitable general carge or bulk
grain may be placed between the beams on top of the saucer.

E. Strapping or Lashing

Partly Mlked compartmenis have the greatest volumetric heeling moments because
they have 4 large volume of open space above the grain surface into which the griin can
shift and. also. because the regulations assume @ 28 depree shift insiead of the 15 degree
sttt swhich spplics when the compartment is filled. Conseguently, a sigiaficant raduction
in graun heeling moment can be achieved by tofally preventing a grain shilt in a partly
filled compartment and thus reducing the grain heeliog moment attributable w that com-
partmicie o 2eve. This may be sccomplished by fubricating 4 somewhat cosily construe-
tivn which completely covers the slack gram surtace and physically restrains i1 against
any mavement which may be genetated by the mations of the ship w1 sca.

The wse of this option does not cequire any special information or endorsement in
the Grain Loading manual. The specific requirements pentaining to the details of con-
stuction are given in regulation & 17, a5 piven below:

When, in order to ¢liminate hecling moments in partly filled compartments, strap-
ping or lashing is utilized, the securing shall be accomplished as folluws:

17.1 The grain shall be timmed and levelled to the extent that it is very
slighily crowned and covered with burlap separation vloths, larpau-
lins ar 1he eyuivalen.

17.2 "The separation cloths andfor Gspaulins shall overlap by at [cast 1.8 m.

17.3 Two solid tlooes of cough 25 ten x 150 mm o 300 mm Tumber shall
he laid with the 1ap foor running lonpiudinally and nailed 1o an
athwartships bottom floor.  Altematively. vne solid lour of $1 mm
lumber, runmng iobgitudinally and nailet aver the top of a 50 mm
huttern bearer ool less thun |50 mm wide, may be used. The battom
bearers shall extend the full breadeh of the compartmuent and shatl be
spaced not more than 2.4 m apan.  Amungements nfilizing other
materials and deenud by the Administration 0 be equivalent to the
foregaing may be accepied.

17.4 Sweel wire cope (19 mm dismeter or equivalenty, double sieel sitap-
pmg (50 mm x 1.3 mm sand having 4 breaking lead of at least 49kNy,
or chan of eyuivalent strength, euch vl which shall be sct lightly by
means ot a 32 mm wmbuckle, may be vsed for lashings. A winch
lighiener, used in conpunetion with a locking ann, may e substito-
ed for the 32 mnt turnbuckle when steel strapping is used. pravided
suitable wrenches are available for sciting up as necessary. When
steel sieapping is used. not less than three erimp seals shall be used
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for securing the cnds. When wire is uscd, not Jess than four clips
shall be used for forming eyes in the lashings.

7.5 Prior 30 the completion of loading the lashing shall e positively
sttached 1o e framing a1 o point approximately 45N mm below the
anbeipated fioal pruin surface by mcans of cither a 25 mm shackle
or beam clamp of equavalent strength,

17.6 The lashings shall be spuced not more than 2.4 m apant and each
shall be suppuried by i hearer naled over the top of the fore and aft
flowsr. This beares shall consist of lumber of o1 less than 25 mm X
130 mm or its equivalem and shall extend the full breadih of the
cunpanment.

17.7 During 1he voyage the strapping shall be regularly inspecied and set
up where nocessary.

F. Securing with Wire Mesh

Thas miethexl of preventng a sluck grain surface from shifting snd thereby reducing
the grain heeling moment Lo zero, is essentially the same as “Strapping of Lashing” excepl
that the principal restraining furce of the transverse cahles spaced every 2.4 meters for the
lenath of the bold, is wransmitted to the overal), fabric-covered surfsce of the gram Iy
means of a stff, wire mesh of the fype used to reanforee conerele instead of theouph a deck
constructed of dunnage.

The use of this vption does not require any special infommation or endorsenent in
the Grain Loading manual. The specific requirements pertaining to the details of con
struction age wiven in repulmion A 14, as given below:

When, in unler to climinate grain heeling moments in partly filled compartments.
strapping vr Lashing is utilized, the securing may. as an alternanive 10 the method described
LA 17, he accomplished as fullaws;

8.1 The prain shall be rimmed and levelled 1o the extent that it is very

shightly crownud along the fore and aft centreling of the compart-
ment.

18.2 The eniine surface of the grain shalt be covered with budup separa-
tion cloths, tarpauling, or the equivalent. The covering material shall
have a lensile steength of pot less than 1,344 N per § cm snip.

18.3 Two layers of wire reinfurcement mesh shall be luid on top of the
burlap or wber covering, The haoltom layur is W he Lud sthwartships
and 1he 1op [ayer is 1o be daid longitudinatly. The lengths of wire
mesh are W be overluppued a1 leust 75 mm. The 1op luyer of mesh is
W be positioned over the bottom layer in such & manner that the
syuares forrned by the alteroate Jayers measure approximately 75
aun x 75 mm. The wice reinforcement mesh 1s e type used in rein-
foreed concrete construction, It is tabricated of 3 mm dismeter steel
wire haviog a breaking ~trength of not less thun 32 kNjum? welded
e 15O mn < 150 mo syuares. Wire mesh havang mill scale may be
used but mesh having Tuase, flaking rust may not be used,

18.4 The buundarics of the wirg mesh, at the port and starboard side of the
compartinent. shall b retained by woo planks |50 mm x 50 mm.

I18.5 Hold-down lashings, running from side to side acrons the conpart-
ment, shall be spaved not more than 2.4 m apan except that the first
and the last kiching shall pot be nore than 00 Itom the forward
or after bulkhwad. 1especiively. Prior to the comipletion of the load-
ing. cuch lushing shull be positively attached tohe frafoing al a point
approcimately 450 mm below the antivipated sl grain surface by
madns of ethee a I8 mme shiekle o beam clamp of equivalent
strength. The Bashing <shall be led [rom this pont over the op of the
boundary plank described i A T8 1.4, wihieh has 1he fundlion
of distibuting the dewnwurd pressure eaened by the inhing, Two
layers of 150 mm x 25 mm plunks shall be laid sthwartships
cemtered heneuth each lushing and extending Me full breadih of the
campariment,

1R.6 The hold-down lashings shall consist of steel wire rope (19 mm
diameter or equivalent). double steel strapping {50 mm » 1.3 mm and
having a bresking lowd of at leust A9kNE or chain of equivalem
strength, each af which shall be set tight by means o @ 32 men ium-
buckic. A winch tightener. used in conjunction with a lucking arm.
may be substiwweed for the 32 o tumbuck e when steel SIrappIng is
used. provided suitsble wrenches ure avaslable for setting up as nec-
esary. When steel strapping s used, not less than three crnimp scals
shull be used for securing the ends. When wire rope is used, not less
than four elips shall be used for forming cyes in the Jashings.

I8.7 During the voyage the hold-duwn lashings shall be regularly inspect-
ed amd se1 up whire aecessany,

ti. Temporary Longitudinal Division

The graio heeliog imonwent in o compartment, in cither the tilted or pactly filled con-
dition, can be signilicantly reduced by installing. usually on e fore wml afl centerline, @
Iongitwdinal bulkhead which prevenis the grain from shidting across the entire breadth of
the compariment. This is an expuensive ahemnative but it is available for use in a ship it
(he applicable volumerric heeling moment is histed in the ship™s Grain Loading manual, 1T
the praincis o be loaded on both sdes of 4 longitudioal bulkhezul, the stress on the bulk-
head will be xomewhat relieved. The Code contiins regulations governing the design of
divisions loaded on hath sidex and divisions loaded on one side only. The furmey is sim-
pler and s covered by regulation A 11 and A 12, as given below;

11.Y Vimber

Al timber used] for grain 1ittings shall be of goad sxownd yuality and
o aoype and grade which has been proved 1o be satisfaciary for this
purposc.  The actual Imished dimensions of the timber shall be in
decondance with The dimensions specificd below.  Plywood of an
exterior type bonded with waterproot plue al fted su thu the
dircction of the grain in the juce plies ix perpendiculur 1o the sup-
porting uprights or binder may be wsed provided that ity sieengih is
equivalent W That of solid timber of the appropriate scaotliogs,
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11.2 Working Stresses

(This regulation pertains divisions loaded on one side.)

11.3 €Xher muterials

Materiais other than wund or steel may be approved for such divi-
sions provided that proper regard has been paid to their mechanical
propertics.

11.4 Upriphty

A

to

3

Unless means are provided to prevent the ends of uprights being
dislodged from their sockets, the cepth of housiog at each ond of
visch upright shall be not less than 75 mm.  If an upright is not
seiured athe wp. the uppenmost shore or stay shall e fined as
ncar thereto as s practicable.

The arrangements provaded for inserting shifting boards by
remwviag 8 purt of the cross-section of an upnght shall be such
that the locul level of stresses is not unduly high.

{This regulation penains divisions loaded on onc side.)

LLS Compersite section

Where uprighw, binders or any other strength members arc formed by two
separale sections, one fitted on cach side of a division and interconnected
by through bolts at adequate spacing, the effective section modulus shall
be taken as the sum of the two moduli of the separate sections.

[1.6 Puartial division

Where divisiuns do wot extend 1o the full depth of the cargo space such
divisicms ancl their uprights shall be supported or stayed 50 as to be as effi-
cient 45 those which do extend to the tull depth of the cargo space.,

Applicable 1u Divisions Loaded on Both Sides:

12.1 Shiftens buareds

o

Shifting boards shalt have a thickness of net less than 50 ayn and
shall be fitied grain-tight and where necessary supported by
uprights.

The maximum unsupported span for shifting boards ol various
thichnesses shall be ax follows:

Thickness Maximum unsupported span
30 mm 25m
&0 mm 10m
70 mm ISm
%0 mm 40m

If thickoesses grealer than these arce provided. the maximum
unsupported span will vary directly with the increase in thickaess.

.1 The ends of all shifting boards shall be securely housed with 75

mm minimum heanng lengih.

12.2 Other muteeiuty

Divisions formed by using materials other than wood shall have a
sirength equivalent to the shifting boards required in A 12.1.

12.3 Uprighis
-1 Steel upnights used 1o support davisions louded on both sides shall

have a section modulus given by

W o= ux W,
Where:
w section modulus in cubic centimetres
@ = horizental span between uprights in metres.

The sectinn modulus per metre span W1 shall be not less than that
given by the formula:

W, = 148 A, - | 2)cm*m

Where;

Ay is the vertical unsupporicd span in mewres and shall be
taken as the masimum value of the disiance between any
two weljavent stays or between a stay and either end of the
upright. Where this distance is less than 2.3 i the respeciive
niodulus shall be calculated as it the actual value were 2.4 m.

2 The moduli of woad eprights shall be dutermined by multiplying

by 12.5 the correspending moduly for steel uprights.  If other
malenials are wsed their maoduli shall be a least tat eeguined for
steel mcreased i proponion to the ratio ut the penmissible seress-
es for steel 10 that of the material used. In such cases aitention
shall be paid also 10 the eelative Agidity of cach upright to ensure
that the deflection is nol excessive,

} The horizontal distance hetween uprights shall be such that the

unsupported spans af the shifling boards do not ¢xveed the max-
imum span specified m A 12.1.2.

12.4 Shares

-1 Wood shores, when wsed. shall be in a single picce and shall be

securely fixed at each end and heeled agsinst the permaneny
structure of the ship except thal they shall not bear direcily
against the Nide plating of the ship.



.2 Subgect to the provisions of A 12.4.3 and A 12.4.4, the minimum
size of wood shores shall be as follows:

Rectangular Diameter of

Length of share Section circular section

(m) imm) (mm)
Nol exceeding 3 m LS50 x 100D 140
Over 3 mbut not exceeding Sm 150 x 150 165
Over S b not esceeding dm 150x150 180
Oxver & bt not exceeding 7m - 200 x 150 1950
Over 7 m but not exceeding 8 m - 200 x (50 24X}
Exceeding 8 m 200 x 150 215

Shores of T m or more in length shatl be securely bridged at approx-
imaiely mid-length.

-3 When the honizonal distance between the uprights differs signifi-
cuntly from 4 1, the mumenis of incrtia of the shores may be
changed m direc) praponion.

4 Where the angle of the shore to the horizontul esceeds 10, the
nekl larger shore Lo that required by A 12.4.2 shall be fitted pro-
vided that in no case shall the anyle between any shore and the
horizontal exceed 45°.

12.5 Stays

Where stays are used o support divisions loaded on both sides, they
ghall be Bteed horizonally or as near thereto as practicable, well
secured af eich ond and formed of steel wire rope, The sizes of the
win: rope shall be detenoined sssuming thie the divisions and
upnght which 1he stay suppuns are uniformly loaded a1 4.9 kN/m?,
The working luwl so assumed 1 the stay shall nol ¢avecd one third
of its breuking load.

If the hulkhead is going to be laded with bulk grain on one side only (this is usu-
ally the case when a temporary, ransverse bulkhead is installed to raluce the lengih of a
compartment), the funhier details of construction are given in regulation A 13 Since the
appheation of this regulation requires a knowledie ul’ structural engineering, if' it is to he
wsedd on i ship, the plans and specifications for the bulkhead owst be included in, or be 1
supplemaent to the ship's approved Grain Loading manual.

GENERAL INFORMATION
ON GRAIN LOADING

ACCEPTANCE OF YESSELS TO LOAD BULK GRAIN
AT UNITED STATES PORTS
CERTIFICATE OF READINESS
A Cerdilicate of Reiciness s o document which must be issued by the National
Cargo Burean surveyor before i hip can load grain at a United Sudes port, The infur-
ination preseied in he Tollowing puges is intended to clurify the reguarements fur the

issinee ob the Centilicate and theeehy help prevent costly delays which might resali rom
Eatlare ter eneet them.

DOUUMENT OF AUTHORIZATION

The vewsel should bave on board 3 Docoment of Awthorization (described an pugy
=i iotlus hooklet), issued by the Administeation of the country of regisiry or by an apency
anthorized to issue such docements on behalf of the Administration. The documem shall
Avcompany anct refer 1o approved CGrain Loading buoklet which is provaded ) enable the
Master o reect the requaremnents of the grain reguliions
CHANGE OF REGISTRY

When o vessel changes cegistry, the CGram Loading booklet must be approved or
scvepted by the new Administration or an agency authorized o act on behalt of tha
Administration and 3 aew Document ol Authorization issueel. Owners and UPRETALOrS AR
ssunuied thin such approval is oo aetematie and 1y in some cases reyuire preparation
ol new booklet te conform with the reguicements of the new Administration, Theretore,
1tis strongly recommended that tumely action be taken to obtin such approval or aceep-
tanee by the new Administration fo avoid possible delay when the vessel is presented 10
Inud prain.

SEAWORTHINESS
Che vessel should have un hoard a valid Cargo Ship Safety Construction Cenificate.
VESSELS WITHOLUT DOCUMENTS QOF AUTHORIZATION

Asessel which does not Tuve on board a valid Dienment of Authorization may load
wratin wler the requitenents and limitanons st fonh in repulation A 3.5 or regulation A
P ot the Code. tnformsation on these altematives is given on pages 29, 30, and 65 in this
Iwwiklet.

STABILITY CALCULATLON

Astability calculation. signed by the Master. which demunstrates that the vessel will
comply swith the stabality seguirements of the Geain Lowding boakler und the appropriate
wgnlanons it every stage nf the vovape st be presented 1o the altendhing Surveyor
hefre o Certificats of Readibess wilt be jssued.  Jntormation on the coreect Prepantion
ul the stahility caleulation s shawn on page 67.
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FITTINGS

All grain divisions which are to be wilized for Lhe particular stowage arrgngemenl
shall be gatin tight, i sound condition. and constructed in ucconlance with the requirements
n eegulations & 1L and A 12 of the Code, or the ksign and specifications as included in
the approved Gram Loading manual, whichever is applicable.

Particular carc must be taken to clean overhead beams, ledges, and the underside
structure of steel bateh covers.

STRUCTURAL DEFECTS

The boundaries of cargo compartments in which gram is 16 be kaded shall be stouc-
turally mntaci and teee of leaks, Deficiencies which may afieer sweaworthiness or the satis-
factory curriage of the grain may have accursed after issuance of the Cargo Ship Sutety
Construction ceniticae. If such deficiencies are found. they shall be brought to the anen-
tion of the Master and evaluation ot repair 1o the satstaction of the Classification Socicty
shall be reguired befure a Certificate of Readiness 10 Joad grain can be issued.

PREPARING A SHIP FOR LOADING GRAIN

The following suggestions are offered for officers of ships carrying grain cargoes:

CLEANLINFESS, 11 s essentigl that all spaces intended for grain be thoroughly clean,
free of odor, free of loose Tust and paint scale, and in every respect tit to receive grain.
“This means that the holds must be swept, washed (if necessary), and dried. Particular care
must be taken 0 ¢lean the overhead beams. ledges and the underside structure of steel
hatch covers.

BILGES. Bilges and/or drain wells must be clcaned and then sealed with burlap or other
suitable material which 15 graimight but not watertight. Bilge suctions and sounding pipes
toust be clear. Tween deck scuppers must be made graintight  That compartments be
vompletely dry cannot be oversiressed. This is expecially applicable to wooden structures
such as ceiling landing pads, bilge limber boards and grain tittings. Cireen lumber may
cause dampaess in grain Hittings and should be avoided.

INFESTATION, A thorough inspection of 1the grain compartments should be made for
any signs of insect or rodent infestation.  This applics particularly to vessels which have
previously carried grain cargoes. Any indication of infestation will be cause for rejection
by government inspectors o their cepresematives whu will then require fumigation or
cxtermination priot tu accepiance.

STRUCTURAL INTEGRITY. <Cargo compartments shall be stucturally sound.
Ccmenl boxes over holes or cracks affecting Lhe watertight inlegrity are not permitled.
Bulkheads below the main deck shall be watertight. Manholes on double battom tanks
under grain holds should be inspecied for tightness, and, il necessary, the tanks should be
tested by preasing up. Weather deck hatch covers should be inspected for water tightness
and, if necessary, hose tested.

SHEATHING OF HOT BULLKHEADS. Fireroom and engine room bulkheads which
are subject to temperatures of 110 F. (43.3 €. or above and are adjacent to holds in which
bulk comn, soybeans, milo, sorghum, maize or rice are stowed, shall be sheathed.
Sheathing shall also be required whenever bulk grain of any 1ype is stowed adjacent o e
hutkhcad of a 1ank in which a heated liguid is carmied.

DEEP TANKS. When grain is to be loaded in deep tanks, the ballast filling lines and
heating coil lines shall be blanked in the tanks or in the engine rcom. Where deep tanks
are not fited with drain wells o caversd bilges, the bilge suctions shall be adequately
boxed.

WING TANKS. When grain is ¢to be loaded into wing tanks, precautions should be
taken against the entry of water through ballast filling lines, overboard discharge valves,
deck vents, deck manhoies ané any other openings. Ballasting of wing wanks is 10 be
avoided when grain is camed in the center holds.

ELECTRICAL WIRING. Wiring and electrical quipment which may be buried in
bulk grain constitutes a significant hazard for fire. Unless essential to the underway oper-
ation of the ship, all glectrical circuits in grain companments shail be discoanecied of
defused.
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PRECAUTIONS WHILE LOADING A GRAIN CARGO

The grain regulations are predicated on cargo spaces being as full as possible and
well trimmed. Cunstant supervision and inspection by ship's officets is nequired to insure
that this is tome. Proper tnmming can be ascertained by frequemi sighting through trism-
ming hatches and access manhules  When loading dusty cargoes, it may be necessary 1o
interrupl loading periodically to allow the dust 10 settle sufficiently to inspect the Inm
ming. When irimming machines are used, the throwing distance shuuld be kept to a min-
imum. Poor tnmmung is difficult and expensive to coreect.

TRIMMING HATCHES. When tween decks and lower holds are loaded in combina-
tion, timming hatches and avcess manholes shall be left open. When the 1ween decks and
lower holds are¢ loaded separatety, these openings must be closed.

SECURING OF TWEEN DECKS. When 1ween decks are secured by means of bun-

dlex or strapping, the tween deck must be scaied 1o prevent the scitling of geain into 1he
compartment below.

SECURING HATCH COVERS OF FILLED COMPARTMENTS. If there is no bulk
grain or other cargo above a filled compantment the hatch covers shall be secured in an
approved manner having regard (o the weight of the cavers and permanent arrange ments
provided for securing such covers.

ELECTRICAL FIRES. During leading operations scrious fires in grain companiments
can be caused by faulty clectrical circuils in cargo compariments and by leaving portable
cargo lights unattended in grain compartments. All electrical circuits in grain compartimenns
must be disconnected o defused, and portable lights must be removed when not in use,

LOAP LINES. A Certificate of Loading will not be issucd if the vesse) is loaded ove
her seasonal marks, after correction for density. In all cases, the applicable freeboard, a
shown un the Load Line Cenificaie, will govern. The Centificate of Loading becomes
void if, al any stage of the voyage, the vesse] is loaded over her seasonal marks.

[f, in order 10 remain within a centain seasonal arca, the vessel nwst fallow an indi-
rect route (¢ her destination, the stability calculation should indicate this facl, and thare
should be sufficient fuel and water on hand for Lhe inlended voyage. No allowance will
be permitted for pumping out residual bailast after departure.

GREAT LAKES LOAD LINE REGULATIONS. All ships loading at UUS. ports on
lbe Great Lakes must comply with the U.S, Coast Guard Greal Lakes Load Line
Regulations. 46 CFR 45.9 states as follows;

(a) For the purposes of the law and regulations prohibiting submergence
of lcadlines (46 U.S.C. 88¢c: 46 CFR 42.07-10) the marks assigned to
vesscls holding international loadline certificates apply during the fol-
lowing seasnns:

(1) Vessels assigned freeboards as new vessels under the
Internativnal Load Line Convention, 1966—
(i) Winler — November | through March 31;
(i) Summer — Aprl ] through April 30 and October | through
October 31;
(i) Tropical — May | through September 30.

(2) Vessels assigned frecboards as cxisting vessels under the
[ntemational Load Line Convenlion, 1966 —
(i) Winter — November | through March 31
(i) Summer — April | through Apnl 30 and October | through
Oclober 11;
(iii)Tropical — September 16 (hrough September 30;
(iv) Tropical Fresh — May 1 through September 15.

{b) WNo allowances for lesser freeboards apply under any circumstances.

LAST. A Certificate of Loading will be issucd only if, after the completion of loading,
and prior 1o departure, the vessel has no list or 1s listed less than one degree.

TRIM BY THE HEAD. If, at the completion of loading. the vessel is timmed by more
than one-half percent of the Length Between Perpendiculars {0.005 x LBP) by the bead,
a Certificate of [oagding will be issucd only il the Master furnishes a stalement thal he
considers 1 safe to proceed in this condition.

LONGITUDINAL STRENGTH. Unless specifically permitted by the Grain Loading
manual or the Tnim and Stability bocklet, the existence of empty or largely slack holds in
a loaded ship causes concem about longitudinal strength, In such cases the Master shall
satisfy the surveyor thai the longitudinal strength of his vessel is not impaired.

WEATHERDECK HATCH COVERS. Precautions should be taken to prevent the
lcakage of water inlo grain cargoes through the joinis of melal weatherdeck hatch covers
which may be caused by the working of the vessel in heavy weather. Sealing of these
joints by tape or other means is reccommended,

OVERHEATING OF DOUBLE BOTTOM TANKS. Precautions should be 1aken &0
prevent damage to grain cargoes caused by overheating of double bottom or other fuel
tanks. Engineer officers should be advised regarding this hazard.



CARRIAGE OF BULK GRAIN IN TANKERS

A tanker 18 defined us o vessel speciully designed and consiricted for the Gamiage
of liguid cargoes in budk. amd in which the cargoe spaces are subdivided into smaller com
parimenis by longiudinal and trarsverse bulkheads.

There are cemtain reguirements reliated o safety and good carge vutium which nust
he men before o tanker can be vonsdered ready to Toad bulk grain. These requirements
incluce. but are not Jintec w, the follawing:

CLEANLINESS.  Companments are w0 e conopletely clean, dry, odor-free. and gas-
frec. AL Touse scale is W be removed. In cuse of doubt concemning odor, the compan.
ment shankd be Closed and reinspected twenty-four hours later.

PIPE LENES, Al pipe lines to cargo companiments shall be thoroughly cleaned.
druined, and blown dry. Heating coal lines and deck manifolds shall be Blanked.

In tankers which have an independent sinpping system. all pipe lines, excepm the
stapping lincs. are 4o e hlankee off in the pansp room.

[n tankers which have the stripping tines attached to the main suction lines, all pipe
lines. exeept those Forming the stripping amangement, are 10 be blenked off in the pump
romn or DT LIS s NeCessry,

I tankers wlhere hlupking is inpossible duc to the construction of the piping sys-
wm, applivable valves shall be secured by means of chains, padliocks, and seals. The time
andd dite of this operation. together with the seal aumbers, shall be cntered in the vessel™s
log Tk,

BOXING OF SUCTIONS,  Taokens do not have bilge suction wells and therefore muse
be provicded with boxes of 37 thick tumber or sustable petforated metal fminimum 16
gauge 1 which shall be constructed around the strigping line suctions. Such hoxes shall be
gean sight but nut watentight. mnd Tove o capiciny of not [ess than 22 cubic feet. Limbers
ur spenings propeely covered with burlap or mesh shall be provided to germit the cairy of
water - Where the inmide diameter of (he steipping hine is & inches or less, thie 1otal area of
such openings shall e sletermined by muoltiplying the inside cress sectional arca of the
strippang line pipe by six. Where the inside dameter of the sripping line exceeds ¢ inch-
ks, the mimimwnn ok areq of the openings shall be 1660 square inches.

SOLNDING PIPES,  Every compartment i which graan 1y catried shall be equippd
with & seonding pipe having an mside diameter of no less than 17 the kwer erd of
whieh s e e onigle gevain tight bav oo wauentight. Phastic pipes shall hase o wall thick -
ness vl not Jess thun 148 inghes (Schedule 40 paupe). Such pipes are (o be seeored at suf-
licient mtervads along their length 10 prevent bending, and shall be fited with caps a1 the
upper cnd and “17 fittings an the Jower end.

STABILITY TERMS AND SYMBOLS

B - CENTER OF BUOYANCY - A single point within the portion of the
ship’s hull which is below the waterline and through which the force of
bunyancy appears (o operate,

KB - Height of Center of Buoyancy abave the keel.

G - CENTER OF GRAVITY - A single point within the catire suwuctute of

the ship at which the total weight of the ship and all that is in her, appears
to be concentrated.

YOG - VERTICAL CENTER OF GRAVITY - Height of the Center of Gravity
of a carge compartmeni ur tank above the keel,

KG - Height of a vessel's Center of Gravity above the keel,

Ky - Vinual height of a vessel's Center of Gravity abave the keel, obtained by

adding the correction for liyuid free surfaces, and, if applicable, the car-
rection for vertical grain shifting moments to the KG.

M - METACENTER - The point of intersection of the verticals through the
cenlers of buoyancy at two conseculive small angles of heel.

KM - Height of the Metacenter above the keel,

GM - METACENTRIC HEIGHT - The distance between the Metacenter and

the vinual center of gravity. (KM-KGv)

MOMENT - The product of a weight multiplied by a distance.

HEEL - The transverse angle of inclination uf a vessel.

HEELING (Upscting MOMENT) —
The moment resulting from a transverse shift of weight through a given
distance which tends w biecl a vessel. Expressed as FOOT-LONG TONS
or TON-METERS,

VOLUMETRIC HEELING MOMENT
The product of a volume muliiplied by a transverse distance. Expressed
as FT4 (FT3 x FT) or M4 (M3 x M). Coavened Hceling Moment by
dividing by the stawage factor {or multiplying by the density) of 2 cargo.

GZ - RIGHTING ARM (Lcver) - The horizomal distance between the foree of
buoyancy acting upwards through B and the force of gravity acting
downwards through T.

RIGHTING MOMENT -
The product of the Righiing Arm (GZ) multiplied by the displacement
(weight) of the vessel,
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TRIM TERMS AND SYMBOLS

The longitudinal inclination of the ship. It is measured as the difference
between the forward and after drafla.

LONGITUDINAL CENTER OF BUOYANCY - Longimdinal distance
of center of buoyancy from midships. (Sometimes measured from after
perpendicular.

LONGITUDINAL CENTER OF GRAVITY - Longitudinal distance of
cenler of gravity from midahips. (Sometimes mesasured from after per-
peadicular.)

MOMENT TC TRIM ONE INCH

TONS PER INCH IMMERSION

MOMENT TO TRIM ONE CENTIMETER

TONS PER CENTIMETER [IMMERSION

FORMS FOR STABILITY CALCULATIONS

Every vessel, fur whach stabulity caloulations are required by the Code. shall submid
wo capies of such caleulations for the imended voyvage to the attending, Natienal Carge
Bureau surveyor belore o Cerificate of Readiness can be issucd. With the exceplion of
ships which lowd wnder regulation A 9, the culeulation shall be drufted on the National
Curgo Bureaw Grain Stabuiy form. These fooms with necessary insert sheets wall e fur-
nished on reguest by all local offices ol the Nanonal Cargo Buseau.

Inthe citse ot the reguired GM calculanon under regalaton A 9. the calculation shall
be fully decumented alihough the format 15 not prescribed.

In bolh cases, the calculution shall be signed by the master and by the surveyor.
One copy shall be retained on board the ship. The other copy shall be retained by the

SUrveyor,

The nformation and cxamples shown i the folluwing pages arc intended to assist
shipmasters and olficers in the casrect preparation of the s1ability calculation.

PREPARATION OF THE STABILITY CALCULATION
REQLISILE INFORMATION. Thie Tallwang -nformition should be ascedtained in onder

L prepame an aceurie saility caleuldion:

I, The quancies amd typue of grisin o be lowded.

20 A aeeurate estimate of the Mowpe Lrkor,

1. The quantities of fuel and water on hand w depanre. daily consumption, and Lhe
amounis ta be taken w bunkering ports during the voyage.

4. The seasonal zones to e traversed during the voyage.

5. "The quantilies and stowage of ather cargo to be carned in the ship at the same time as
b praio cargo,

. “The distance and steaming 1ime required to the port or pons of discharpe,

. Dratt reswnctions which may be encountered dunmg the voyage.

With the above ifunuation on hund. the stability calculation should be prepared, using
the typicul comhiliens shown in the grain loading booklet as 4 guide.

UNITS. Al wnnages used inthe videulaten should e shoswe in 1he same units @5 ane
used inthe ypproved grain toading booklel. (A stowage factor convenion table is fur-
nished on Page 9% for convension frum English to Metric units.) Tonnages and moments
may be rounded off 1 the ncarest unil,
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CONDITIONS DURING THE YOYAGE

The stability calculation shall show:
I. The depariuce and ardval comlitions,

2. e comditions on arrival und departure from bunkering pors. Additional insert sheeis
for Purt 1T oof the National Cargo Bureau Giraan Stability Calculmion form should be
used for this purposc.

3. If any of the amival conditions indicates the presence on board of Ballist which was it
shown in the depoture condition, then an additiomal conditiongsy shufl be ineladeed
which will demmumsirite compliance with the intet stability requirement jusl prior
ballusting, This is ceferred tows an imermediate “worst” condition. The procedute tor
ballisting at sea fa discussed i 1l Jast paragraph on page 27 io this ookt

FREE SURFACE OF LIQUIDS.  Part {1 of the Grain Stability Culeulation fonm shall
melde o provisicn for e detrimental effeet of the free surface of the liguids on boarl,
Althangh this may he hased on the actual condition of the ks s hale 1he sl is at sca.
11 shall not be i Jesser etfect than is applicd in the example conditions in the approved
Crrain Loading Manual. In the cuse of TS g vessels, the calenlation with respet 10
liguid rree surtuce shall comply with UL S, Coast Guard regudation 170,285 as sct torth in
Title -6, Subchapter § of the Code of Federal Regpulations.  For alk vessels while at sea,
the free suduee ot Jiguads shauhl be hept s g mininiun by anintainig all Gmks gither fall
or einpry with the eacepion of those in actual use,

PARTLY FILEXD COMPARTMENTS. 1 is receonnmended thit the maximum heel-
ng monwents and vertical centers of gaavity of panly filled comparimens be entered in
the stabslty caleulation, i which case, the grain may be loaded o any level in these com-
partiments. M, i order to mect the intact stability nypuirements, it is neecssary (o use
reduced beeling moments and centers of praviy based on cetimated fevels of grain mn
these compirtments. it will be necessary 10 measure the ullages of the compartments a
conmpletaon of lvading o ascertain that actual levels agree with those shown in the caleu-
lation. 16 . clisgrepaney is found. it will be necessary to recaleulate the stability and take
cuneclive mueasures, if reguired, e meel the stability reguarements.

WING TANKS., When wing tunks are kraded, the maxitnom heeling momcnts for these
funk~ should be used in the stability caleulation, sinee ity impracticable, il not impossi-
ble. 1o uim these lanks full. The same stowape factor as that used in the conter holds
shouklbe nsed for wing fanks. when converting volumetric moments (o heeling nwments.

PERMISSIRLE HEELING MOMENT TARBLE.,  When using tlus table, if iv s fur-
nished in the Grain Loading manual, the entering argumcis are the displacenwent armd the
yirtwl cener of gravity 1IKGyvi, The lulter is the center ol gravity of the loaded ship (KG)
increaseal by the Biyuid tree surface correction. [n ~ome unusuad cises. because of the
miumer in which the permissible heeling momoents are presented, the Grain Coading roan-
ual reguires an additional correction o the KGy w provicle fur the vertical shift of the
grain. An eniry tor this comrection is provided on Purt 1 of the Grain Stability Caleulation
form. It is 1 be used vnly when so requoired by the nstructons i the approved Cirain
Loading manual.

STATICAL STABILITY DIAGRAMS. [In instances where the spproved Grain
Foading mumual does met contaim g Talble ot Permnissible Heeling Muoreots, it s reguirecl
ter utilize the Crisss Curves of Stabiluy w prepane i stahility disgeram for gach logding con-
dition shown in the stability calculation and 10 derive therefrom the numeriviG valoes
applied in the calculaions necessitey to prove complianes wih the requireracnis ol regu

Ltiom & 700 A mgthond of prepariog such sliagrans is sbicssn cn page 594,

BALLASTING, When, in order 1o mcet stabiliy requiremenis, ballast is required at
time of Jeparure, and bullasting is not possible 4l the loudine berth due to dodt nestric-
tuels. sucT ballasting must be completed while the vesselis i protected waters. The same
concdinient wonkd apply o deballustiing an the port of destination,

SHITTING BETWEEN PORTS. Vessels kading grain at fwo ar more ports o the ¢on-
Enental United States may. in some circumstances, be relicved from full complianee with
Ihe Code untl the loading 15 completed at the last port before commencing the interna-
nonak vavage. The subes peraining o this sitgation are given in Enclosme 2 o Navigation
& Yossel Tnspectiom Circular Nou 5-94 dsee page 10).

PART GRAIN CARGOES,  Vossels which Toud pact gouin cargoes and subsequent ly
juid wther carge should indicate the proposed stowige on the nital stability cabculation
b fikal stowupe amanpement varies Jrom the osiginal calculation. a revised swabiliny
caleulinion shall be prepared.

DISCHARGE AT MORE THAN ONE PORT, When the grain curgo is discharged at
mnne than one port (or when other cargo used to secure the grain cargo is discharged pror
fu the grain cargor it shall be the responsihility of the Master o fully comply with the
requirenienis of the vessel™s geain Toading docomenn andfor the reguirements of local goy-
vming authoritiey, at every stage of the voyage.
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PERMISSIBLE HEELING MOMENT TABLES (tacerpotation)

When dims on permissible heelmg moniems, hydrstatics. tank capacities, ete., ure
presented in kibular form, it s uswaslly necessany 10 Jind values which fal]l between the val-
ucs which are disted in the wahle. The arithmetic process tor doing this is called interpo-
lation. For example, consider a portton o 2 hydrostatic table:

DRAFT | DISFLACEMENT

meters wny
3 12,570
3.50 13,035

Whaut is the displacement tor a drait of 3,17 metens?

The entering arguments are the drafis, The comresponding tabular values are the dis-
placements. To define a formula thexe valucs can be represented as followy:

AI T‘I
E -» R
A T,

where E is the entering argument and R is the interpolated resuli which is sought. Then
the tormula for interpolation is;

R = |:(A|—E)[Tl~-'l',]j| + T
Ay - A

subslituting the pumerical valucs

R = | G- 31N 12570 - 13035) + 12570
(3.5-3)

This formula is amenable to xalution on a calculator. All of (he values in the table
arc positive and the result will be positive, 1f some of the intermediate vilucs in the cal-
culation are aegative, the calculator automatically handles the algebra. Thus on a caleu-
lator with the algebraic operating system { AOS), enter:

(3=30T) +(35 3 x 12570 - 130353+ 2570 = 12724.1
Or on a caluulater with the reverse polish notwion (RPN system
JENTER 3.17 35ENTER - = 12570 ENTER 13035 - x 12570 +

The procedure is always exactly ihe same regardless of whether the arguments
and/or the tabular values are ascending or descending.

A Permissible Heeling Moment table is usually amanged as shown below:

Pinplacament | YiEimed Comter of Geavity (KGv)
ganad X8 KRN R 2 ‘fi
14000 3829 | 3351 | 2874 | 2396 | 1917
14200 3945 | 3461 | 2977 | 2493 | 2009
14400 4088 | 3596 | 3104 | 2613 | 2121
14600 4176 | 3677 | 3178 | 2679 | 2181
14600 4176 | 3677 | 3178 | 2679 | 2181

So if you require the permissible heeling moment when the displacement is (4287

tons and the KGy is 7.07 meters, it is necessary to perform three, separate interpolations
as shown below:

l 7 po 7.07 7.?5
14200 2977 2493 3rd
14287 --ssRj- e Ry—-  -Ryp—  -——> Ry= 28959
14400 3 I+04 26+13
Ist 2nd
R, = 30323 Ry = 25452



CONSTRUCTING AND MEASURING
A STATICAL STABILITY DIAGRAM

In the evem that a ship's approved CGrain loading manual does not include a
Permissible Heeling Moment Tabte {or Curves), it will be necessary to manually calen-
late the angle of heel and the residuzl arca duc to a grain shift in order to demwonstrate com-
pliance with the requiremenis pertaining to those criteria it regulation A 7 {sce page 24).

To do this you must complere the calculations on Parts 1, (1. and the first half of Par

(LI on the National Cargo Bureau Grain Stability Calculation ferm ¢hereinalter identified
as the Form). This is the identical calculation which must be performed for any grain
loading and fumishes the follawing information for the specific loading condition, i.e.,
departure, artival, and if necessary, intermediate (sce page 27).

Displacement

K(v

GM comrected for liquid free surface

Grain hecling moment

Next you must draw the stahility diagram for the specific displacement and KGy.
This requires recourse 1o the ship's approved Cross Curves of Stabilily. An example of
the Croass Curves of Stability for a (vpical ship is shown on page S§.

To faciliate the process at drawing the stability diagram and to complele the
remainder of the required calculation, you should use the Part V1 insert to the Form. A
copy of the insent showing a typical calculation is iitustrated on pages 56 and §7. It uses
data from 1he sample Cross Curves. The insett is imended w be self-explanatory bul addi-
tionai cxplanation is furnished in the paragraphs below which are kcved (o the encircled
numbers on the illustration,

(D Normally the Cross Curves of Stability will be included in the approved Grain
Loading manual or otherwise ceferenced in the manual and fumished separately.

@ Discussion oFthe angle of flovding is given siarting at the bottom of page 26. For ship
which dues not have a Perrmissible Heeling Moment table. the angle of flooding should
be included in the intormation furmnished in 1he approved Grain Loading manual.

(3 The assumed K of the Cruss Curves will be stated on the Curves. In some cases it
will be identified as the “pole height™. In many cases the curves will be labelled as
“KN Curves”, then the pole beight {assumed KGy is zero.

@ Since the assumed KG of the Cruss Curves will probably net be sdentical to the actu-
al K{Gv of the ship. the comection determined on line 4 | will have 10 be used in (he
subscguent preparation of the stability diagram. As specially noted on the insert, it is
important to retain the sign +or-.

@ The Angles of Inclination 1 be entered on line 5, depends upon which angles are pre-
sented on the Corves. The angles selected should cover the range frum S (o at least
45, if a curve for 12 is not presented, 1then use the closest one, usually 15. Generally,
there is no curve for 5, but this is an importanl paint which cannot be disregarded.
Therefore, enter § as the first angle of inclination on Jine 5. How it will e wilized, il
not provided on the Cross Curves, witl he described in a subsequent paragraph.

(® Using the sample Cross curves on page 58, proceed as follows. For each angle of
in¢lination find the point where a vertical line from the displacement scale intersects
the curve labelled for that angle. Set a pair of dividen to that vertical dimension.
transter it to the righting arm scale a1 the lefi, and read off the value of the G2Z.

(@ The comrection (aetor from line 3 . multiplicd by the sine of the angle of inclination, is
the eorrection which must be udded or subirscied from the GZ v line 6 10 obtain the
carmected G2 on line ¥,

The vorrected G2 vn line 8, are the nighting amis gt cach angle of inclination for the
displacement anul KGv calculated on Pan I[ of the fom.

(& These points, righting anns versus angle of inclmation. must be ploited on (e graph
on page 2 of the insent, Nate that the lett side of the praph does rot Tive o calibran -
ed seale, Therefore, the user must calibrate e scale o scoommodate the ranpe of
righting ams be 13 working wilh. T the example, 1he largest righting aom s 2888
teet. Since there ace Tous mapr scale divisions, mark the scale for a vange o ¢ i
4 feet. (F you were wotking tn metens. the eguivalent ausximmn aghting ann would
be 082 meters. Sor it would be apprupriate 10 mark the magor divisions as (11125,
(.50, 075, and L4 metens. )

The comected GZ: ot the 57 angle of inglipuion has not been deflined. 16 a curve for
5 wan included on the Cross Curves, then the procedure is the same us for the oter
angles, 101 is not and the calibrations on 1he left scule are of sufficient range, mark
off the Jength of the GM on a venical Yine an angle 57.37 |, Druw a straight Line trom
0 1o this point. Where o vertival line at §7 intersects this line, establishes the §°
(7. puint,

Often, o provide a reasonable scale for the righting anm values, the rnge ol calibry-
Tions entered on the praph docs not penmit a plot of e GM at $7.37. In this case, 1he
corrected GZ at 5 equals the GM tme the sine al §7, [1 is to be noted that the strasght
laie plot o the altemative nse of the fomula provicde the identical result.

Draw a smwath curve theaugh the plivied points, This is the rightng arm curve. 1t
chescribes the inherent stability chargeienstics of the sluprat the piven displacement and
KRGy, Plot the prain becling amns ac angles ¢ and 409 0 Thuse are values af (A) and
(B) on page | of the inserd. Draw o straight line ihrough these two pomts. “Tis line is
a very cluse approaimnation of the curve of hecting moment arms penersted by the
assumedl prain shilt.

D Iospection of the completed plot will indicate a point where e heeling moment curve
intersects the ighting aem curve. This is the angle ol heel. [F the assumed grain shift
should eecur with the ship loaded s deseribed ain Parts Tand 1T on the Form, the ship
wouhl lay aver and come o rest at this angle of inclination.  To sutisty regulation A
7.5 10 his angle must not be greater than 127,

a0 When the ship is beeled to the angle dewermined on line 10 it must sl have 3 reserve
of stability 10 sustain it against passible weather andfor sea conditions  The amount of
thix reserve is indicated o the plan hy the arca between the righting anm curve and the
heeling arme curve within the boundarics of the angle of heel wnd a timiting angle
which is specitied by the regulation. The bmitiog angle is delined on dine 11, Note
that it cimn never be preater thun 40% Note, also. that in selecting the angles of incli-
nation oo ling & 1 is always necessary that the last angle investigated be 48° or
greater, This will insure that a smouth e ve cdeown threngeh the plotied peints will
detect 2 nmaxamum rightng anm i i shoukl akcur at an angle less that 307

42 The remainder of the calculstion utilizes the dut obtained trom the graph to calculate,
by Simpsen's Rule, the residual arca. This o the wred desenbed in T and o satisfy
the reguirements nf regulation A 71201t must be oot less than 0075 ower rckians,
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PART VI

INSERT TO NATIONAL CARGO BUREAU GRAIN STABILITY CALCULATION FORM

Ta be coomplatad whan & Tebis of Farssssthle Hasliag Mamanis o a0t previded 1a tee approved Grain Loading s, bn
wach cawrm, romplinace with reguisticst A7 of the Innmativaal Code for the Safe Caminge of Gruim 1a Bulk wxmt bu
determsiand from o plot of tha ity cwrve. Prapas cas mewt for sach mage of e voyape. U resubts fromm st ©
commplate Part T1 A

s MA/_ATLANTIC Check Oue:f) DEPARTURE From NEW JRLEANS
PORT: NEw OmiEans DATE: /- /-9 [ INTERMEDIATE

O ARRIVAL A1
IDENTIFICATION OF CROSS
CURVES OF STABILITY: /& SRAW Lomp:n& Myawun e (Sex Not 1)
BASIC DATA: Displacement (From Bart I} ....ovcns vovicinsiesencens coneeennne_FEFOS 4T
KG, . L {20 Y
GM - * * {mustcomply AT.1.3)........ .. I ¥ FT
Graim Heeliag Moment (From Part 1) ... /{975 <r oM
Angle of Figofing (Ba MOt 2) .. ..o veiiairisieriniers semne eeee “LH*

(A) X, Hedisg Anm sl Angle 0° (Gr. Heel. Mom. - Diwp.) ... O, BosL
(B)  AaHerling Anit a1 Angle 40 (0.8 1 Heel. Am i 0 ... & &43

Assumed KO of the Croas CUrVes _...._...._.cooicinncinnnin i 20
GZ Corraction Facsor (Assumed XG - KG) vevenoeeneeeen.e. — /.75

(May be + or -, retain sigs)

TAMLE OF RIGHTING ARMS (GZ): (nclude duta from U7 1o 60° (miztiuen)

Anght of nchimtions 0 =" ’s* | 30 | «#s* & o0*

QZ from Cross Curves = (-520| 3.300 | £.0% | ¥./40

Siaw § .o87 | 259 | .so00| .227| .84é
Pacwor M=

muup:ha 2. 4r | o¥C |- . g50 |-t 202 |t g72

Correcwd GZ 3o |/ 080 |2.46C |2.988 |z.408

NOTES: (1) Indnemation requirad oaly if Crow Onrves of Sulsbivy (or ivaler dain) is mt fralshed I e appucrved
() Asgiw of Ronling s am sngie of hadl &t which cpesings I b bull, sepecriracierw wr dwvkbvasw.

whivh sumct tu chossl wenthntight, inmans.  Small apenings lrough winch progrvmine fesling ot
i plnce 200 pot be rossidered & Gpaa.

N.C.B. Swvoyw M

, Flot Hael. Arm flot GM
ot O [A) ot 40" (B} ot 57.3
MOTOF 4.0 . — , —
STABUITY i L ' Vo
: : P H [
S S R SR L
[ 3 V. . i
PARE: S T B £ =
Righieq . : AR N
Amn Y S i . “FO s
6z 1 yaR s i
20 s . ; } 3 ——n
P LA :' 4 B
1 . 1] 1 .
[ N Ve
; L P
Hoalig / ' : i
A s ) i :
1 3 - B ’ i
i i : :
: i ! | E
0 c* 20 wr 40* 50 or
@ Determine from Angle of Heel ... fiest intersection of righting arm curve with heeling
above plot: arm curve
- X S must comply with A 7.1.1
Limiting Angle ... 40", or
Angle of flooding, or .
D - 40 - Angle at which there iy mwgmum ' Whichover
: difference betwoen righting arm is g

curve and heeling arm curve

@

RESIDUAL AREA Station Spacing (S) = {limiting angle - angle of heel) =2
CALCULATION § = 403 ui45" See Note 3)
2
Righting | Feeling | Diff-

Angle of Inclinanon Arm Arm once Product
Angle of Heel 74 - - [ 1 [¢]
Angle of Heel +5* |26.81 2. 05 | - 727 | 434 | « | 5. 34
Angle of Hoel +
25" i, imting | F2 |2.99 |. 443|2.247| ) |2.247
angle L o o
FOOTDBGAEES + I8 = METERRADIANS 3 =/4'5 y (7.607| - 3. 36.767 "
WETBR DEGREES + 57.3 = METER RADIANS Sum Feodoal
FA7E7 + (A u @794 METER RADIANS § ™13t comply Ara

with A 7.1.2

NOTE: () Thio method spplies i the wsual case where 3 pouncy desctibe e righting sk curve heteess e aagle of
beel aad the Bmitiag sgle. [f 80¢, mpply Simpecn’s Rube using 5 sations instend of 3 mn shawe.



ILLUSTRATION OF
A SAUCER SECURED BY BUNDLING OF BULK GRAIN

(Specitic regiieementa e dennded in regedatton A IS)

16,000

—ng T SR

14,000

Center of Gravity
Assumed 20.0 Feet Above Base

* DUNNAGE

12,000

M/V ATLANTIC
STABILITY CROSS CURVES

@ ! MOULDED BREADTH | DEPTH 08 O]

5
2 ]
el : el e,
% : OF SHIP : AUCER 60
§ E- loos rom % 0 | ey
S & Between & .\ m
- ' Interpolate
and 18 3 m nefpola
18.3 m and over 1.8 m min.
a

Bearing conlact of saucer against ship’s structure:

8000
©

Al least one hall of dimension A -0R -

Secured in place by transverse lashings spuced not more than 2.4 m apart,

To retain bulk grain within the saucer:

Lining material (streagth 2687 N per S cm strip, i.c.. 306.8 pounls per 1 inch
strip) jomned by sewing or double lap. -OR -

Lining material (Strength 1344 N per 5 em steip, ie., 1535 pounds per | inch
g striph joined by sewing or double [ap. restrained by transverse lashings spaced

not more thaa 2.4 mapart and protecied from chafting by dunnage, 25mm
thick min, andd between 150 aml 3Kbmm in width, placed longitudinally
between the Yashings and the lining matgrial.

! . i
:;I.dq.l..:.l-..i‘.hlll... DI EFE § M lll-.lfllla‘.zl.lb..llall.ll. LllFJ.UL.,JL:-SNJL&-LJ.«IFI‘.F!
@x© ~N ~ uy - ™ ™~ — <o
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ILLUSTRATION OF

SECURING OF PARTLY FILLED COMPARTMENT
BY STRAPPING OR LASHING

(Specific requirements are detailed in regulation A, 171

BEARER BOARD
25mm x 150
UNDER WIRE

BOARDS

| 25mm x (150 o 300mm|

BULK GRAIN '

RUN LONGITUDINALLY
7 STEEL WIRE

" 19mm |

] i 4
OVERLAP | | 450
BURlAPCSLg'm?ATlON | BOARDS B |5 mm
) | 25 x (150 1o 300 mm) [ -
T ACUPS ON RUN ATHWARTSHIPS iy
WIRE CONNECTIONS | 25 mm SHACKLE |
= x = e ———— |
/ BULK GlRAIN " HATCH MUST 8F
| CLOSED WHEN |-
TWEEN DECK 1S
) PARTLY FILED ||
TRANYERSE SECTION :
o = L b e 1 . il eVt
ansa ’!"\-_‘ -
I ' " BEARER BOARD =
B = ' ) _LONGITUDINAL ] 2.4M
. e e e e FIOOR
ATHWARTSHIPS =~ == — = : ‘ i ‘ ;
i

PLAN VIEW

S

2

@ ®

@ 06 6

ILLUSTRATION OF

SECURING OF PARTLY FILLED COMPARTMENT

WITH WIRE MESH

(Specific requirements are detailed in regulation A. 18)

Ta |4
| Bored

§ B

4 | B

| B

N

Grain slightly crowned along fore and aft centerline of cargo hold.

One layer of burlap or canvas tarpaulin (sections lapped 1.8 m minimum).

Two layers of wire reinforcement mesh (3 mm wire welded in 150 x 150 mm
squares).

50 mm lumber bearers against frames or shell to distribute the downward thrust of
wire rope lashings at the sides.

Two layers of 25 mm lumber bearers directly beneath the wire rope lashings.

Steel wire rope lashings, 19 mm diameter, spaced 2.4 m maximum and attached to
the framing about 450 mm below grain surface,

First and last transverse lashing to be closc o forward and to after bulkheads.

32 mm tumbuckle to tension lashing.
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CALCULATION OF AVERAGE VOID DEPTH (Vd)

When bulk grain is stowed so as to satisfy the requirement of regulation A 2.2, i.c.,
“filled compartment, trimmed”, it must be loaded and trimmed so that the bulk grain is at
its highest possible level. Thus the regulations recognize that, due to the settling of the
erain and restricted working space, it is not feasible to require that a filled compartment
be one hundred percent filled. There will be a small void space between the trimmed sur-
face of the grain and the overhead structure in the compartment. The regulations do not
specify the depth of this void but, instead, “assume” a depth which varies depending upon
the geometry of the overhead structure,

The numerical value assigned to the average void depth (Vd) is essential to the naval
architect in the preparation of the data in the Grain Loading manual and the details for its
determination are provided in regulation B 1. However, void depth (Vd) is not used by
ship’s personnel in any of the caleulations required when the ship has a Document of
Authorization and an approved Grain Loading manual.

In the case of a ship without a Document of Authorization which is permitted, by its
Administration, 1o load a partial cargo of bulk grain in accordance with the provisions of
regulation 9, the void depth in the compartment(s) wherein the grain is to be stowed, must
be known because it is one of the factors to be applied in the formula for the required GM,

In lieu of reference to regulation BI, the following tables, in Metric and English
units, furnish the average void depth (Vd):

{disregard feeding holes)

Transverse Section Through One Side of Ship
Vd = FQ + FBD

where: Vd = Average void depth
(metres for Metric, feet for English

Fg = factors from
Fap Tables Fand 11

AVERAGE VOID DEPTH TABLE - METRIC
Table IT

IMPORTANT:

If Vd calculates less than
0.1 metres....THEN

Vd = 0.1 metre

Example:

Girder Depth = 0.5 meters
Boundary Distance = 4.2 meters

Vd = FG + FBD
=-0.075+ 0.430
= ().355 metres
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AVERAGE VOID DEPTH TABLE - ENGLISH

Table [
(rirder
Depth k,;
(inches) tt.
& -1.1014
9 -0.9139
12 -0.7264
15 - [L53%Y
IR -(L3514
21 -0.1609
24 +[10236
27 +(L2H1]
0 +03, 30KG
3 +),5861
36 +3.7736
3 +H).9611
42 +1. 1486
45 +1.3381
48 +1.5236
51 +1.7111
54 +1.8986
57 +2.0861
60 +2.2736
IMPORTANT:

Vil calenlates less than
0.328 fver. ... THEN

Vd = (0.328 feel

Example:

Chirder Depth = 36 inches
Boundary Distance = 19 feat 8
inches (19.67 feet)

Vd =F; + Fgp
=+ 007736 + 1.5414

= 2.315 feer.
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Table 11

Rowndary Boundary
Distance Fen Distance Fin
(leey) feet (foctd leel
200 8413 16.50 I11a%
P 228 1.8213 16.75 1
| 250 1.8013 17.00 H
B I 1.7813 17.25
3.00 1.7613 17.50
A1 1.7412 t7.75
350 1.7257 1800
75 1.7107 18.25
4.00 1.6957 18.50
425 1.6807 1875
4.50 1.6657 19.00
4.75 16507 19.25
5.00 1.6372 195} .
525 16273 19.75 "
5.50 L6173 20.00 '
5.75 16073 20.25 '
6.00 1.5973 20.50
8.25 1.5873 20,75
6.5 1.5773 2100 Sl
6.75 1.5635 21.25 [T
7.00 1.5485 21.50 I.A15]
7.25 15335 21.75 (WKL
7.50 1.518% 200 1.6a81
1.35 1.5035 22.25 1.6631
8.00 14888 22.50 | 6781
8.25 1.4754 2275 1.6931
R.5C 1.4704 23,00 1.780
875 1.4654 21.25 17225
9.00 | 4604 23.50 1.7370
9.25 14554 2375 1.7518
9.50 t.4504 24.00 1.7661
9.78 1.4454 24.25 1.7806
10.00 1.4404 24.50 1.7951
10.25 1.4354 24.75 1.8159
10.50 1.4304 25.00 1.8359
i0.75 1.4254 25.25 1.8559
11.60 1.4204 25.50 1.8760
1125 14154 2575 1.8960
11.50 26.00 1.9168
to 1.4107
16.40

CALCULATION FOR REGULATION A9

The formmula for calculating the required GM in regulation Y |See page 291, can by
simplified for solulion on an clectronic calculator as follows:

Let
Q="Vvyx B
Then
GMr = 1. x Q7 2 ({0384 x B}—Q)
16X SFx A
Where
! ] Dimensdons
t Svymbnl Meaning f
" Metric Enghigh::
LivIr Ry o Moz Hi. T fuen
L. Leneth ol Conapariment meters {feet
B Bewn vl Ship netery feet
Yd Average Void Depth meters feet
SF Stowage Factor m¥MT LT
A Displacement MT LT

frample

Bulk grain stowing at 1.254 m? /MT is stowed in Lower Holds Nos. 2 and 4.
Length of No. 2 is 22 meters and lengih of No. 415 18.5 meters. [n both holds the gird-
er depth is 0.5 meters and the boundary distance is 4.2 meters. The beam of the ship is
4 meters and the displacement for the voyage is 23.807 metnic toos,

L'sing Tables Tand I1, Vd = 0.355 m
Length of compariments = 220 + (8.5 =405 m

Q YVAAB = V0355x34 = 3.47m2

GMr

L x Q x (0388 x B)-Q)
(1136 x SF x &

40.5 % 347 1 {((LIRK x 34) - 3.47)
0.136 x 1.253 x 23307

40.5 2 12.04 2 9372
4060.14

1.17 meters = Required metacentric height



EXAMPLES OF LOADING CONDBITIONS

Examples of typival loading canditions, 1ogether with completed calculations on the
National Carpo Bureau Grain Stability Calcukition form. are shown on the following

pages.

1. BULK CARRIER: A fow hold log carrier. which has cargo holds which are not
specially suitable, 15 Joading o paet cargo of grain at a Great Lakes pont and then vom-
pleting loaching at Momtrea bedore prvecding 1o sew. The Toucding st Duluihuis to meet the
reyuinements uf the UL 8. regulations for an excmpied voyuage (sec page H3). The final
losuding is 1o meel the regquirements of cegalation A 7 of the intemational Grain Code, All
holds must he trimmed.

2. BULK CARRIER: A seven hold bulk carrier, which s specially suitable in all
holds, is keaded to mect the reguirements of regulation A7 of the Intemational Grain
Ceube. The existing grain loading hooklet was previously approved under T M O
Resolution A 264V The {ull carge of whueal bas a stawage factor of 1.199 m‘ftonne.
Hold No. L is pantly tilled tor tnm purpeses, Also, Hulil Noy, 435 partly filled. Buth must
he trisnmecl level. The other tive holds are completely filled with the ends of the holds
untrimmed,

3. GENERAL CARGO: A two deck general cargo ship is loaded to meet the require-
mebts of regulation A 7 of the Intemational Grain Cexle. Trs grain Toading booklet was
previously approved under 1 M O Resolution A264(VITIL The ship is desigaed with
permament, cenlerline bulkheads, forward and aft of the hateh openings in all curge
compurtments, The grain loadmy bouklet provides volunenic heeling moments for all
compatiments without centerline divisions and with cenlerline divisions. The insteuctions
in the prain loading bouoklet state that the latter valucs may be used only when bundles,
saucers, or lemporary bubkheads are installeed in way ol the hateh openiogs. In this cxam-
ple, these arrangemenes arc not used, The ship iy loading a full cargo of wheat with a
stowage tuctor of 43 (15177, Loading i combination {scv page 22k iv used in No. 4
Tween Deck and Nee 3 Power Hokl

4.,  GENERAL CARGO: The same geoeral carga ship is loaded, with o full carco of
barley stowing a1 55 1HLT. w meel the requirements of regulation A 7 of the International
Graim Cude.  Huowever, bundles (see page 33) arc fitted in the hatchways so that the
valumetric heeling roments with venterlioe divisions may be utilized.  Also, ballast is
nocessary in order e meet the stability requirements upon arrival. Since the ballast was
notl on howd at departure, an intermediate condition calculating 1he stability available af
the time of ballasting, must be shown.

BULK CARRIER

EXAMPLE 1

See pages:

66 Deserniption of exnnple

Loading Booklct
69 - 72 N.C.B. Grain Suability
Calculation torm

68 Excerpts from the Crrain

Cargo
Fuel Gil

Fresh Waier

/7
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CAPACITY

| CuF (Full Compartme

138,741 38,500
200,875 52,300
201,878 52,300
193,873 55,700

HEELING MOMENT (FT.4)

PERMISSIBLE HEELING MOMENT TABLE

(Excerpt)

DISPLACEMENT

VIRTUAL: CENTER OF GRAVITY (KGy)

22.5 230 23.5 24.0
19,000 10,047 7,663 5,279 2,895
19,500 10,676 8,303 5,930 3,557
20,000 11,346 8,984 6,622 4,260
20,500 11,931 9,608 7,285 4,962

NATIONAL CARGO BUREAU, INC.
GRAIN STABILITY CALCULATION

SS/M.V. YEAR BUILT 1976
SENECA AT Tngalls
COUNTRY OF REGISTRY NET TONNAGE OFFICIAL NO.
U.S.A. 6385 305 594

AGENT
MINNESOTA SHIPPING CO.

GRAIN LOADING BOOKLET APPROVED BY National Cargo Bureau

DRAWING NO. SRN-10579 DATE OF APPROVAL __May 29, 1976 =~

APPLICABLE REGULATIONS __Int'l Grain Code

ADDENDUM FOR UNTRIMMED ENDS APPROVED BY ___National Cargo Bureau
DRAWINGNO. No Dwg, #  DATE OF APPROVAL __October 15, 1979
LOADING PORT _ Duluth, MN and Montreal, Quebee = .

BUNKERING PORTS __Montreal

DISCHARGE PORT___Rotterdam

STEAMING DISTANCE 3500 MILesPERDAY 350 7ime_10 Days

DAILY CONSUMPTION: FUEL 25 LT  pieseL 3 LT WATER _10 LT
DISPLACEMENT DEADWE IGHT DRAFT FREEBOARD

*WINTER

summer 20,102 LT 15,891 LT 29' 10" 11' 8"

*TROPICAL

FRESH WATER ALLOWANCE 7.63" TPI/TPC (AT SUMMER DRAFT) 64,2

* (1f Applicable)

THIS ISTO CERTIFY THAT:
1. THIS CALCULATION IS PREPARED IN ACCORDANCE WITH THE REQUIREMENTS OF THE
VESSEL’S GRAIN LOADING BOOKLET AND THE APPLICABLE GRAIN REGULATIONS;

2. THE STABILITY OF THE VESSEL WILL BE MAINTAINED THROUGHOUT THE VOYAGE IN
ACCORDANCE WITH THIS CALCULATION.

NAME (PRINT)

COMPANY

C. T
CALCULATION PREPARED BY: hompson
{TO SE COMPLETED IF FORM PREPARED MASTER
BY OTHER THAN SHIP'S ':-”“":L'

EXAMINED: M. Burns

N.C.B. SURVEYOR

SIGNATURE.

DATE: Janyary 15, 1994

DATE

nEV. 1/1/90

NOTE: ORIGINAL STABILITY CALCULATION AND GRAIN ARRANGEMENT PLAN TO BE SUMITTED
TO THE N.C.B. SURVEYOR. ALL TONNAGES USED IN THESE CALCULATIONS SHALL BE
SHOWN IN THE SAME UNITS AS USED IN THE GRAIN LOADING BOOKLET.
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SHIP AND CARGO CALCULATION

PART Il

FUEL AND WATER CALCULATION

INTERMEDIATE SECTION IS REQUIRED TO BE COMPLETED {F ARRIVAL SECTION SHOWS BALLAST WHICH IS NOT LISTED IN DEPARTURE
SECTION. INTERMEDIATE CONDITION IS BEFORE BALLASTING SO IT INCLUDES THE EFFECT OF FREE SURFACE BUT NOT EFFECT OF

WEIGHT OF THE BALLAST WHICH 1S TO BE TAKEN ABOARD.

PART |
tveeorcrain _CORN srowaGE FACTOR IS.F)__ 50 CUFT/LT._ = M3
COMPT. | CARGO S.F. GRAIN cusics WEIGHT MOMENT
NO. m m 100% actuaL (2| 3 vee 131 S| SF. | OEN.
DEPARTURE DULUTH Cuft | M3 [MT
7| MT_ | W™
1 50 138741 80,000 1600 17.6 28,160 42 1171 | .854
425 | 1184 | 844
2 200875 - 4017 | 21.7] 87,169 a | 1ies | 83e
3 201878 - 4037 21.4 86,392 435 1 1212 825
N 44 1.226 | 815
4 193873 126,200 2524 18.0 | 45,432 445 | 1240 | 806
}_SHLP 4211 27.31 114,960 45 1.254 | .797
455 | 1.268 | .789
STORES 130 38.3 4,979 _ o 1282 | 780
TOTALS 16519 22.22 367,092 46.5 | 1.296 | 772
47 1.310 | .763
47.5 | 1.324 | 755
DEP&TURE MONTREAL 48 1.338 | .748
485 | 1.352] 740
1 50 138,741 = 2275 | 24,9 69,098 49 1366 | 732
2 200,875 4017 21.7 87.169 49.5 | 1.380).725
50 1.393 | 718
3 201,878 4037 21.4 86,392 | |05 | 1407 | 711
4 h 193,873 3878 22.1 85,704 sl 142} | .704
515 | 1435 | 697
52 1.449 | 690
53 1477 | 677
54 1.505 | .664
THIS CALCULATION IS carGo TovaLs | 14,707 328,363 55 | 1533 1652
PREPARED IN: : : 56 1.561 }.641
2 ENGLISH UNITS veHTsnip | 4211 27.3 | 114,960 57| 1589 |.629
'O METRIC UNITS 58 1616 |.619
STORES 130 38.3 4,979 59 1.644 1.608
60 1672 |.598
P AND C I | I 61 1.700 |.588
SHIP AND CARGO TOTALS | 19,048 448,302 62 1728 | 579

(1} COMPLETE THESE COLUMNS IF MORE THAN ONE TYPE CARGO IS LOADED.
{2) FORPARTLY FILLED COMPARTMENTS, SHOW ACTUAL CUBIC OCCUPIED IN ADDITION TO FULL CuBIC.
(3) WEIGHTS AND MOMENTS SHOULD BE SHOWN TO THE NEAREST WHOLE UNIT.

CARGO PLAN: INDICATE HOLDS, TWEEN DECKS, ENGINE SPACES, FITTINGS, STOWAGE, TONNAGES, ETC.

4 3 2 1
77 77 777 77
PR YA :
4037 4017
LT LT TSI ST
2524 ) 1600
T T
87 BREADTH OF HOLD = 70’ 75 .
BEAM = 70’

DEPARTURE: INTERMEDIATE: ARRIVAL:
DULUTH DEPART: MONTREAL ROTTERDAM

TYPE F.S. F.S. F.S.
TANK || ,6up |WEeHT{ V.C.G.] MOMENT MOM. |weElHT| V.C.G.| MOMENT MOM. |WEGHT] V.C.G.| MOMENT MoMm.
SETT F.O. - 202 [31.6] 6383 136
4 D.B.| F.O. 7511.2 90 | 4350 281 1.2 337 4350 233 11.2 280 4350
5 D.B.| F.0.} 125 ] 3.5 438 460 125 | 3.5} 438 460 125 3.5 438 460
D.O. D.O. 36 p8.o 1008 '176 116 128,01 3248 176 86 8.0 2408 176
F.W.T. [ F.W. - 200 [35.8] 7160 1918 100 35.8] 3580 1918
A.P. F.W. 64 | 28.0 1792 1918 130 [28.0/ 3640 = 130 28.0] 3640

TOTALS

vouos 300 3328 6904 1054 = 21,206 7040 = __ 674 = 10,346 = 6904

P
*eanoo 16:519 367,092 _ 19,048 448,302
GRAND TOTALS
pispLAcEMENT 162819 370,42 20,102 469,508
DEPARTURE KG _ 22,02 INTERMEDIATE KG —23.36

(1) FREE SURFACE CORR.(+} 0.4 : (1) FREE SURFACE CORR.{+) _._0.35
(2) VERT.S.M. CORR. (+) (2) VERT, S.M. CORR, (+)
kG, 22.43 - kG, 23.71

v

DEPARTURE KM 28.84
DEPARTURE KG, 22.43

INTERMEDIATE KM —29.13
INTERMEDIATE KGV_23. 71
INTERMEDIATE GM __5.44

REQUIRED MINIMUM GM

DEPARTURE GM __6.41
REQUIRED MINIMUM GM

NOTES

SUM OF FREE SURFACE INERTIA MOMENTS
DISPLACEMENT

(1) FREE SURFACE CORR. =

SUM OF VERTICAL SHIFTING MOMENTS FOR CARGO

RT.S.M.CORR. =
{2) VERT. 8. DISPLACEMENT

19,048 448,302
19,722 458,648

ARRIVAL KG-ZB-I-Z-&—
(1) FREE SURFACE CORR.(+) —0.35
(2) VERT. S.M. CORR. (+}

kG, 23.61

ARRIVAL km 29.06

ARRIVAL KG,23.61

ARRIVAL GM _5.45 _*
REQUIRED MINIMUM GM

(THIS CORRECTION MUST BE APPLIED TO ALL SHIPS.)

(THIS CORRECTION APPLIES ONLY WHEN VERTIC/
SHIFTING MOMENTS ARE PROVIDED IN THE SHIF'S GRA)
LOADING MANUAL.)
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STABILITY SUMMARY

PART Ill
GRAIN VOLUMETRIC GRAIN VERTICAL SHIFTING
compr. | sTow- | DEPTHOR HEELING SF.OR HEELING MOMENT
R0, /\((13)5 ULLAGE MOMENT DEstn'y ML01ME¥T SEE NOTE 2 PART Il
TFT. LT.FT.
FTRK FTik @ M.T.-M. FTm M.T-M.
1 F 0 38,500 50 770
2 F 0 52,300 50 1046
3 F 0 52,300 50 1046
4 F 0 55,700 50 1114
TOTALS 198,000 3976

(1) UNDER STOWAGE INDICATE “F" FOR FILLED COMPARTMENTS, "“F-UT” FOR FILLED COMPARTMENTS UNTRIMMED,

“PF” FOR PARTLY FILLED COMPARTMENTS, “SEC" FOR SECURED OR OVERSTOWED COMPARTMENTS.

PART IV

INSERT TO NATIONAL CARGO BUREAU GRAIN STABILITY CALCULATION FORM

To be completed when a vessel, carrying grain in bulk and engaged on a voyage on the inland or
coastal waters of the United States, elects and is entitled to utilize the provisions of 46 CFR 172.030.

{2) THE STOWAGE FACTOR USED IN PART 111 SHALL NOT EXCEED THE VOLUME PER UNIT WEIGHT (TEST WEIGHT) OF THE
GRAIN. IF STOWAGE FACTOR IS SAME IN ALL COMPARTMENTS, DIVIDE TOTAL VOLUMETRIC HEELING MOMENT BY
STOWAGE FACTOR OR MULTIPLY BY DENSITY TO OBTAIN GRAIN HEELING MOMENT. IF STOWAGE FACTOR VARIES,
OBTAIN GRAIN HEELING MOMENT FOR EACH COMPARTMENT. '

REGULATION 4, CHAPTER VI, SOLAS 1974 or
REGULATION 4, IMCO RESOLUTION A.264(Vil1}, SOLAS 1960 or
REGULATION 4, IMCO RESOLUTION A, 184(V1), SOLAS 1960

A. FOR VESSELS APPROVED UNDER

DEPARTURE INTERMEDIATE ARRIVAL

DISPLACEMENT LT 16,819 20,102 19,722
K&y FT 22.43 23.71 23.61
TOTAL GRAIN HEELING MOMENT 3976 3976 3976
MAXIMUM ALLOWABLE HEELING MOMENT 5768 5716
*ANGLE OF HEEL (12° MAX.) See Part IV

1075 METER-RADIANS,
*RESIDUAL AREA 14.1 FT° OR 4.3M° MIN.
*GM  (0.3M OR 1 FT. MIN.) 6.4

*TO BE COMPLETED IF VESSEL'S GRAIN LOADING BOOKLET DOES NOT INCLUDE A TABLE OF ALLOWABLE HEELING
MOMENTS. IN SUCH CASE, STATICAL STABILITY DIAGRAMS DEMONSTRATING THIS INFORMATION SHALL BE ATTACHED

HERETO.

SECTION V(B), PART B, CHAPTER V!, SOLAS 1974 or

B. FOR SPECIALLY SUITABLE SHIPS APPROVED UNDER SECTION V(B), PART B, IMCO RESOLUTION A.264(V1II)
GRAIN HEELING MOMENT x 57.3  REGULATION 12, CHAPTER VI, SOLAS 1960
ANGLE OF HEEL =

DISPLACEMENT X GM

DEPARTURE INTERMEDIATE ARRIVAL

TOTAL GRAIN HEELING MOMENT

DISPLACEMENT

GM (CORRECTED OF LIQUID FREE SURFACK)

ANGLE OF HEEL (5° MAX.)

72

ssMv SENECA PORT DuLUTH
Col. No. 1 2 3 4 5 6 7 8 9 10
Slack L 1 Col. 3 Col. 2 Col. § Col. 8
Hold L wio w/ div'd plus B B x Col. 7 SF div'd
No. CL. | CL. by 4 Col. 4 x 0.0661 by Col. 9
\ 75|75 | © o 75 |70 |343,000 170,423 S0 | 34,008
4 87|87 |0 [2) 87 | 70 |343,000(1972,490 50 | 39,450
Sum col. 10 73,458
KEY NOTES:
L = Length of Hold 1. All dimensions must be in feet, long tons, and ft*/LT or,
B = Breadth of Grain Surface alternatively, in meters, tonnes, and m*/tonne.
CL. = Centerline Division 2. Where a C.L. division halves the Breadth, Cols. 2 through 5
SF = Stowage Factor adjusts the calculation for this reduction.
DEPARTURE FROM:
Displ. =_16,819 |r = Freeboard Reqd GM = _SumxF _
- & .4\ Beam Displ.
GM (Com) =__2S-_ ---| _ 540 _0:220 =734S8x1.21%
MeanDrf. =_26:10_ _|F 5 = ="""""" 1, 8'9
" 15.40 If r < 0.268 then Req’ldGM = _S.32
Fboad . =__2.___. F = 0.268Ir
Beam ____70__]otherwise F. = 1 AvalGM =_&.41
F = o""’/g.zza= l.21%
ARRIVAL AT:
Displ. =_1¢,694_ |r = Freeboard Req’d GM = _SumxF
Beam Displ
= .40 Spl.
GM(Com) =__¢&.-20_ _ esy _0:22% = 73 45@x|.205
MeanDrf. =_ 25.93% |F 5 —5—%"""""" ic,é94
If r < 0.268 thea Req’'dGM = _ S-30
, = 1.7 |Ur<9025ten  JReqdCGM =_ 2:22 __
Fooard . =__'\2:57 g = 02680
Beam =____70 __|otherwise F =1 AvalGM =_6&.40
F =0 24%/5.222°1:20%
Examined D27, ee'zrsa 57‘2‘”’9@4’"’ Date 7 -7/5S-94
N.C.B. Surveyor Master

Rev. 594
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BULK CARRIER

EXAMPLE 2

CARGO HOLD GRAIN DATA
FILLED FILLED
No. ENDS TRIMMED ENDS UNTRIMMED
e § 2 HNT Volume V.C.G. | Yolumetric 1 yopyme v.CG. | Volumetr
o 8 z o m3 Heeling Mom m? " Heeling M
g 9 = 3 mé - m?
5 g% 28 M~ 1 8,343 10.20 1,143 8,129 10.20 2,085
g 88 S g ; 2 10,994 9.93 1,496 10,869 9.93 2,785
2 2w 9F § 3 10,993 9.89 1,496 10,868 9.89 2,785
5 g'g 8 E ‘g 4 10,926 9.89 1,496 10,802 9.89 2,785
- R A3 28 8 5 10,999 9.90 1,496 10,874 9.90 2,785
S g s = o 6 10,980 9.90 1,496 10,855 9.90 2,785
§ T % % 7 10,383 10.19 1,229 10,223 10.19 2,576
A 2 R
SUMMARY OF TANKS
 FREE SURFACE
TANK CA];,‘E%ITY V'ﬁiG‘ MOMENT (M.T.-M.
Lt _Slack . 98% Full
S.W. BALLAST
FOREPEAK 2,756 7.72 7,704
1 DB P&S 2,812 1.57 24,624
3 DB P&S 3,265 1.48 24,192
5 DB p&S 1,327 1.98 6,048
1 TS P&S 753 16.48 1,296
2 TS P&S 2,648 16.11 5,328
3TS P&S - 2,652 16.11 5,328
4TSP&S - 2,624 16.14 5,328
AFTERPEAK 519 12.39 4,320
8 FUEL OIL
— g 2 DB P&S 1,484 1.48 11,420 144
S S 2 4 DB P&S 1,457 1.48 11,420 144
—4 [}
8 38 9 DIESEL OIL
O R K 6 DB P&S 200 1.18 430 43
FRESH WATER
Q‘ F.W.T. 262 16.36 520
\ DISTILLED - 94 16.39 ' 140
§ D.W.T. 168 16.34 330
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PERMISSIBLE HEELING MOMENT TABLE

(Excerpt)
% 8 %
DISPLACEMENT VIRTUAL CENTER OF GRAVITY (KGvy) S = § :
. o IS & ~
(Tonnes) G (Meters) = o z 9 £z o~
8.5 9.0 9.5 10.0 10.5 N 2 g < -3 ’
w = »
69,500 45,535 37,715 29,895 22,075 14,255 % oo 333
71,000 46,041 38,260 30,479 22,698 14917 > Oz o= :5: o
71,500 46,570 38,829 31,088 23,347 15,606 e o0 c S g
72,000 47,120 39,419 31,718 24,017 16,316 N = 5 £ 8 s [=
72,500 47,688 40,027 32,366 24,705 17,044 ; 5 o
73,000 48,267 40,647 33,027 25,407 17,787 s % z g:.c'_)
& 3 5
o rss °
A 4 o
Q
> S
€ — mmmm e e mm e == ] @ o
_________________ 3
2 s 2
: NI
Q |
5 :
o SR W N W
= > T T
[}
& : N o)
- | 8
é\ l ‘t§ o
& =) Q -
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N I 8
o ( S -
s l < s
& ! N =
& | Z z
& | 2 =
& | 9 3
8y I 7 83
= 5 ! S0
) L ! S °Z
A l & &
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E )
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! = =
! = 3
1 (e} [®)
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NATIONAL CARGO BUREAU, INC.
GRAIN STABILITY CALCULATION

SS/M.V. YEAR BUILT 1990

SHIP AND CARGO CALCULATION

HURON AT
. Beth. Steel
COUNTRY OF REGISTRY NET TONNAGE OFFICIAL NO.
U.S.A. 21,685 306 594
AGENT

PACIFIC STEAMS:dIP AGENCIES

GRAIN LOADING BOOKLET APPROVED 8y ____National Cargo Bureau

DRAWING NO. 1035 Rev, 1

DATE OF APPROVAL _July 1, 1985

APPLICABLE REGULATIONS __Int'l. Grain Code

ADDENDUM FOR UNTRIMMED ENDS APPROVED BY__Data in Grain Booklet .

DRAWING NO.

LOADING PORT Seattle

DATE OF APPROVAL

BUNKERING PORTS =

oiscHARGE PORT___Chittagong

STEAMING DISTANCE _ 8750  mitesperDAY 350  Tme__ 25 Days

DAILY CONSUMPTION: FueL 38 M T. pieseL 6 M.T. WATER _3 M.T.
DISPLACEMENT DEADWE IGHT DRAFT FREEBOARD

*WINTER

SsUMMER 72410 M, T, __ 60265 M.T. 12.44 2,27

*TROPICAL

FRESH WATER ALLOWANCE 29 CM TPI/TPC (AT SUMMER DRAFT)_62.4 M.T.

* (If Applicable)

THIS IS TO CERTIFY THAT:

1. THIS CALCULATION IS PREPARED IN ACCORDANCE WITH THE REQUIREMENTS OF THE
VESSEL'S GRAIN LOADING BOOKLET AND THE APPLICABLE GRAIN REGULATIONS;

2. THE STABILITY OF THE VESSEL WILL BE MAINTAINED THROUGHOUT THE VOYAGE IN

ACCORDANCE WITH THIS CALCULATION.

PART |
TYPe OF GRAIN __WHEAT STOWAGE FACTOR (S.7.) 43 CUFT.LT. _1.199 M3/M.T.
COMPT.| CARGO S.F. GRAIN CUBICS M3 | WEIGHT MOMENT

NO ] [§1) TO0% ACTUAL 12 i V.C.G. 3 SF.| S.F. |DEN,
CuFt | M3 |MT

1 8343 8171 6815 | 10.1] 68832 = |
42 1.171 | .854

2 109 _ 425 ) 1.184 | 844
94 9169 | 9.93] 91048 a3 | 1199 536

435 | 1212 ] 825

3 _ 44 | 1226 | 815
10993 9168 9.89 90672 435 | 1.240 | 806

45 1.254 | 7197

4 45.5 | 1.268 | .789
10926 1584 6325 1.4 46805 4% 1282 | 780

46.5 | 1.296 | 772

47 1.310 | .763

5 10999 = 9173 9.90] 90813 475 | 1324 | 755

48 1.338 | .748

6 - 48.5 | 1.352 | .740
10980 9158 9.90 90664 49 1366 | 732

49.5 | 1.380 | 725

50 1.393 | 718

1 10383 = 8660 110,191 88245 1 |05 | 1407 .7

51 1421 | 704

515 | 1435 | 697

52 1.449 | 690

53 1477 | 677

54 1.505 | .664

THIS CALCULATION 1S CARGO TOTALS 58468 567079 35 1.533 | 652
PREPARED IN: 56 1.561 |.641
) ENGLISH UNITS LIGHT SHIP 12095 110.541 127481 57 1.589 | 629
K] METRIC UNITS 58 1.616 |.619
STORES 233 |10.54 2456 59 1.644 | 608

60 1.672 |.598

61 1.700 |.588

SHIP AND CARGO TOTALS r 70796 J I 697016 J 6 1728 | 579

(1) COMPLETE THESE COLUMNS IF MORE THAN ONE TYPE CARGO IS LOADED.

{2) FORPARTLY FILLED COMPARTMENTS, SHOW ACTUAL CUBIC OCCUPIED IN ADDITION TO FULL CUBIC.

(3) WEIGHTS AND MOMENTS SHOULD BE SHOWN TO THE NEAREST WHOLE UNIT,

CARGO PLAN: INDICATE HOLDS, TWEEN DECKS, ENGINE SPACES, FITTINGS, STOWAGE, TONNAGES, ETC.

R. Lane
CALCULATION PREPARED BY:
(TO BE COMPLETED IF FORM PREPARED MASTER
BY OTHER THAN SHIP'S PERSONNEL)
EXAMINED: T. Moore
NAME {PRINT) N.C.B. SURVEYOR
comrany DATE: Jan. 15, 1994
SIGNATURE DATE
NOTE: QRIGINAL STABILITY CALCULATION AND GRAIN ARRANGEMENT PLAN TO BE SUMITTED
TO THE N.C.B. SURVEYOR. ALL TONNAGES USED IN THESE CALCULATIONS SHALL BE
SHOWN IN THE SAME UNITS AS USED IN THE GRAIN LOADING BOOKLET. .
NEV. 1/1/90
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FUEL AND WATER CALCULATION
PART 1

INTERMEDIATE SECTION IS REQUIRED TO BE COMPLETED (F ARRIVAL SECTION SHOWS BALLAST WHICH IS NOT LISTED IN DEPARTURE
SECTION. INTERMEDIATE CONDITION IS BEFORE BALLASTING SO IT INCLUDES THE EFFECT OF FREE SURFACE BUT NOT EFFECT OF
WEIGHT OF THE BALLAST WHICH 1S TO BE TAKEN ABOARD.

STABILITY SUMMARY

DEPARTURE: INTERMEDIATE: ARRIVAL:
SEATTLE CHITTAGONG
TYPE F.s. FS. vos] wom FE
TANK |, quip |WESHT] V.C.G.| MOMENT MOM. |WEGHT( V.C.G.] MOMENT MOM. .C.G. ENT MOM.
4D.B. | F.0. }1120041.5 0 11420 250 1.5 375 11420
- D.0O. {200 (1.2 240 430 50 J1.2 60 430
FWT F.W. ) 150 { 16.4 2460 520 100 6.4 1640 520
DIST.{ F.W. 17 1 16.4 279 140 17 6.4 279 140
DWT F.W. 50 {16.3] 815 330 25 16.3 408 330
TOTALS
wauips _1617 5594 12840 442 2762 12840
S CAnco 07196 697016 - 10796 697016 ___
GRAND TOTALS 71238 699778
DISPLACEMENT 72413 M—— —— ——— .._.._3.._ (AL A
DEPARTUREKG — 9.70 INTERMEDIATE KG —— ARRIVALKG — 9:82
(1) FREE SURFACE CORR.(+) =18 (1) FREE SURFACE CORR.(4) _ (1) FREE SURFACE CORR.(+) __»18
(2) VERT. S.M. CORR. (4} — (2) VERT. S.M. CORR. (#) —— (2) VERT.S.M. CORR. (#) - — —
kG, 9.88 KG, KG, -10.00
DEPARTURE KM —13.09 INTERMEDIATE KM ARRIVAL kM — 13,08

DEPARTURE KG, — 9.88 INTERMEDIATE KG,, ARRIVAL KG, ~10.00
DEPARTURE GM __3.21 INTERMEDIATE GM i ARRIVALGM ___3.08
REQUIRED MINIMUM GM REQUIRED MINIMUM GM _ REQUIRED MINIMUM GM
NOTES

SUM OF FREE SURFACE INERTIA MOMENTS 7O ALL SHIPS.)
= iTHis Y1ON MUST 8K APPLIED .
(1) Feee coRR. DISPLACEMENT

RRECTION APPLIES ONLY WHEN VERTICAL
(2] vERT. s.m. comp, = SUMOF VERTICAL SUITTING momENTs For carGo LTS, COT S TS ARE PROVIOED IN THE SHIFS GRAIN

DISPLACEMENT LOADING MANUAL.}

PART Hii
porAN VOLUMETRIC Lonam VERTICAL SRIFTING
. HOR HEELING MENT
C(:‘lg"T 5{2‘2’ ULLAGE MOMENT DSE';'SO,FY MOMENT SEE NOTE 2 PART I
i ) FT/M FT4/M4 @ i FTamd Wi
1 PF 1.7 2050 1.199 1710
2 | rur| o 2785 i 2323
3 F-UT 0 2785 [ 2323
4 PF 7.8 11800 l 9842
5 F-UT 0 2785 \ 2323
6 F-UT 0 2785 ‘ 2323
yi F-UT 0 2576 l’ 2148
TOTALS | 27566 22992

(1) UNDER STOWAGE INDICATE “F” FOR FILLED COMPARTMENTS, “F-UT” FOR FILLED COMPARTMENTS UNTRIMMED,
“PF” FOR PARTLY FILLED COMPARTMENTS, “SEC” FOR SECURED OR OVERSTOWED COMPARTMENTS.

{2) THE STOWAGE FACTOR USED IN PART i11 SHALL NOT EXCEED THE VOLUME PER UNIT WEIGHT (TEST WEIGHT) OF THE
GRAIN. {F STOWAGE FACTOR IS SAME IN ALL COMPARTMENTS, DIVIDE TOTAL VOLUMETRIC HEELING MOMENT BY
STOWAGE FACTOR OR MULTIPLY BY DENSITY TO OBTAIN GRAIN HEELING MOMENT. IF STOWAGE FACTOR VARIES,
OBTAIN GRAIN HEELING MOMENT FOR EACH COMPARTMENT.

REGULATION 4, CHAPTER VI, SOLAS 1974 or
A. FOR VESSELS APPROVED UNDER REGULATION 4, IMCO RESOLUTION A.264{Viil}, SOLAS 1960 or
REGULATION 4, IMCO RESOLUTION A.184{VI}, SOLAS 1960

DEPARTURE INTERMEDIATE ARRIVAL
DISPLACEMENT  \om. 72413 71238
KGy M 9.88 10.0
TOTAL GRAIN HEELING MOMENT 22992 22992
MAXIMUM ALLOWABLE HEELING MOMENT D> 24017 23007

*ANGLE OF HEEL (12° MAX.)

073 METER-RADIANS,
*RESIDUAL AREA 14.1 FT° OR 4.3M° MIN.

*GM  (0.3MOR 1 FT. MIN.}

*TO BE COMPLETED IF VESSEL'S GRAIN LOADING BOOKLET DOES NOT INCLUDE A TABLE OF ALLOWABLE HEELING

MOMENTS. IN SUCH CASE, STATICAL STABILITY DIAGRAMS DEMONSTRATING THIS INFORMATION SHALL BE ATTACHED
HERETO.

SECTION V{B), PART B, CHAPTER VI, SOLAS 1974 or
B. FOR SPECIALLY SUITABLE SHIPS APPROVED UNDER SECTION V{(B), PART B, IMCO RESOLUTION A.264(ViiH)

GRAIN HEELING MOMENT x 57.3  REGULATION 12, CHAPTER VI, SOLAS 1960

DISPLACEMENT X GM

ANGLE OF HEEL =

DEPARTURE INTERMEDIATE ARRIVAL

TOTAL GRAIN HEELING MOMENT

DISPLACEMENT

GM (CORRECTED OF LIQUID FREE SURFACK)

ANGLE OF HEEL {5° MAX.)
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CERTIFICATE OF READINESS

—OF—
NATIONAL CARGO BUREAU, INC. .
-
No. Port Seattle, WA
. . 21865 BALTIMORE
This is to Certify, that the _U-S. M/V HURON of ____ tons register, builtat 282~ Z70R°
(flag) (Name of Vessel)
hereof B. LANE is Master and now lying at ANCHORAGE #6
is passed to load as follows:
GENERAL CARGO — Holds Nos. ukalalabolod
BULK GRAIN — (Full Holds) Nos. 2, 3, 5, 6, and 7
(Part Holds) Nos. 1 and 4
Other BULK CARGOES (Identify Cargo) olehulalodolsl
HOLDS Nos. Rkkhkkk
said holds having been prepared in accord with the regulations of the C dant of the United States Coast
Guard so far as applicable, and in accordance with the rec dations of National Cargo Bureau, Inc.

THIS CERTIFICATE VALID AT PORT OF ISSUANCE ONLY

THIS CERTIFICATE IS NOT A FORM OF INSURANCE, OR GUARANTEE, AND IS ISSUED ON THE FOLLOWING TERMS AND
(CONDITIONS: This Certificatc and performance of services by National Cargo Bureau (“NCB") shall in no way be deemed 1o be & representation, statement,
orwmryo{mw«tmms,qulilyorﬁmuonpmiculluuambc.ofny vessel, container, cargo, structure, item of material, of equipment. NCB shall
not be Liable for, party 1o whom this Cestificate is issuod agn indemnify and bold NCB Jess from and agai d all claims, demands, actions
for damages, inchuding legal fees, 1o persons and/or property which may be beought against NCB incidental 1o, arising out of, o in connection with the services
nbem«modhmuadu.exaaptlammimunudnblybymewlj;mofNCB. NCB shall b 1l Liability for neglig
o non-perfc of any services in on with i f this Certificate, unless the same is discovered prior 4o and is claimed in writing made 1o NCB
within 180 days and litigation is commenced within one year after performance of survey services. THE COMBINED LIABILITY OF NCB, ITS OFFICERS,
EMPLOYEES, AGENTS OR SUBCONTRACTORS FOR ANY LOSS, CLAIM, OR DAMAGE ARISING FROM NEGLIGENT PERFORMANCE
OR NON-PERFORMANCE OF ANY SERVICES IN CONNECTION WITH THE ISSUANCE OF THIS CERTIFICATE, OR FROM BREACH OF
ANY IMPLIED OR EXPRESS WARRANTY OF WORKMANLIKE PERFORMANCE, OR ANY OTHER REASON, SHALL NOT EXCEED IN
THE AGGREGATE $10,000. INNO EVENT SHALL NCBBE LIABLE FORANY ‘CONSEQUENTIAL DAMAGES, INCLUDING, BUT WITHOUT
LIMITATION, DELAY, DETENTION, LOSS OF USE, OR CUSTOMARY PORT CHARGES TO THE PARTY TO WHOM THIS CERTIFICATE
1S ISSUED OR TO ANY OTHER PERSON, CORPORATION OR BUSINESS ENTITY FOR WHOSE BENEFIT THIS CERTIFICATE MAY BE

ISSUED.

AGENT DATE January 20, neh
OPERATOR ) Time i 1530
Surveyor
T. MOORE

Rev. 1IM3

GENERAL CARGO SHIP

EXAMPLE 3
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VOLUMETRIC HEELING MOMENTS (ft4)

—r -
HOLD | CAPA o IDADEDSEPARAmY WADﬂ}mCOWA'ﬂQ;]
I 17 ey | e | e | Ry [ ek
1ILH | 60,780 | 20.2 25,000 18,800 174,500 49,100 47,000
ITD | 35900 | 394 26,500 20,600 178,100 ‘

2LH | 112,610 | 175 | 75,400 51,700 576,300 129,200 | 112,000
2TD | 47,400 | 365 | 52,200 40,300 299,900 ‘

3LH | 51,020 | 16.8 | 30,636 17,900 292,300 70,813 58,900
3TD | 35,010 | 35.0 | 47,400 36,900 271,300

3DT | 50,600 | 16.8 23,500 75,300

4LH | 96,540 | 18.5 | 58,900 41,600 434,000 100,800 91,000
4TD | 36,380 | 36.1 43,000 33,400 254,200

SLH | 42,160 | 24.3 30,500 21,800 151,900 54,400 50,800
5STD | 24,460 | 37.6 | 25,700 19,400 168,300

NOTE:This vessel has permanently installed underdeck centerline divisions. The above
table shows heeling moments with or without temporary centerline divisions installed in

hatchways.

MAXIMUM ALLOWABLE HEELING MOMENTS (FT.LT.)

DISPLACEMENT VIRTUAL CENTER OF GRAVITY (KG,) 1
LT. , (FT) ke
21.50 | 22.00 | 22.50 | 23.00 | 23.50 | 24.00 KM
14,400 12,764 | 11,172 | 9,580 | 7,988 | 6,398 | 4,804 | 25.38
14,600 13,138 | 11,525 | 9,910 | 8296 | 6,682 | 5,068 | 25.45
14,800 13,613 | 11,976 | 10,339 | 8,702 | 7,065 | 5428 | 25.51
15,000 13,905 | 12,245 | 10,585 | 8925 | 7,265 | 5,605 | 25.57
15,130 14,107 | 12,433 | 10,759 | 9,085 | 7,411 | 5,737 | 25.61
FREE SURFACE
SUMMARYOF TANKS CAPACITY| VCG | \IGVENT (FT.LT) |
Slack _ 98% Full |
S.W.BALLAST | 1DB 233 35 | 3348
S.W.BALLAST | 2DB P&S 310 20 | 3,883
S.W. BALLAST 7 DB 53 2.2 489
S.W. BALLAST 5 DT P&S 239 9.5 504
S.W. BALLAST FOREPEAK 308 24.0 296
FUEL OIL 3 DB P&S 330 20 | 5690 1897
FUEL OIL 6 DB P&S 212 20 | 2208 736
FUEL OIL SETTLERS 42 34.0 44 .
DIESEL OIL 4 DB P&S 161 21 | 1,550 529
FRESH WATER | 5 DB P&S 34 2.1 326
FRESH WATER FWT P&S 138 17.1 182
FRESH WATER AFTERPEAK 200 27.8 817

1]
_ FRESHWATER ALLOWANCE ___ 7"

NATIONAL CARGO BUREAU, INC.
GRAIN STABILITY CALCULATION

5.5/, YEARBUILT  j9g3
ATLANTIC AT Bath
COUNTRY OF REGISTRY NET TONNAGE OFFICIAL NO.
U.S.A. 4572 303427
AGENT
Pacific Steamship Agency

GRAIN LOADING BOOKLET APPROVED By ___National Cargo Bureau

DRAWING NO. __GW=348 DATE OF ApPROVAL May 21, 1983

APPLICABLE REGULATIONS Int'l. Code for Safe Carriage of Grain

ADDENDUM FOR UNTRIMMED ENDS APPROVED 8y ___Nome

DRAWING NO. =

DATE OF APPROVAL ind

LOADING PORT Portland, Oregon

BUNKERING PORTS =

DIsCHARGE PORT__ Valparaiso, Chile

STEAMING DISTANCE 5300 MILES PER DAY 350 Tive__15 Days

DAILY CONSUMPTION: FUEL _30 LT pieser. .3 LT WATER _12 LT
DISPLACEMENT ‘ DEADWEIGHT DRAFT FREEBOARD

*WINTER

summeR _ 19,130 LT 11,014 LT 28'0" 10'8"

*TROPICAL

TPI/TPC (AT SUMMER DRAFT)
* (1f Applicable)

THIS ISTO CERTIFY THAT:

1. THIS CALCULATION IS PREPARED IN ACCORDANCE WITH THE REQUIREMENTS OF THE

VESSEL'S GRAIN LOADING BOOKLET AND THE APPLICABLE GRAIN REGULATIONS;

2. THE STABILITY OF THE VESSEL WILL BE MAINTAINED THROUGHOUT THE VOYAGE IN

ACCORDANCE WITH THIS CALCULATION.

52.5

J. Jones

CALCULATION PREPARED 8Y:
(TO SE COMPLETED IF FORM PREPARED MASTER
BY OTHER THAN SH1P'S PERSONNEL}

EXAMINED: R. Smith
NAME (PRINT) N.C.B. SURVEYOR
commany DATE: March 10, 1994
SIGNATURE. DaTE

REV. 1/1/90

NOTE: ORIGINAL STAB|LITV CALCULATION AND GRAIN ARRANGEMENT PLAN TO BE SUMITTED
ALL TONNAGES USED IN THESE CALCULATIONS SHALL BE

TO THE N.C.B. SURVI
SHOWN IN THE SAME UNITS AS USED IN THE GRAIN LOADING BOOKLET.
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SHIP AND CARGO CALCULATION.

PART 1
TYPE OF GRAIN _ WHEAT STOWAGE FACTOR(S.F)_ 45  CUFT./LT. 3
comPT.] CARGO SF. GRAIN CUBICS wetGHT [ | | MOMENT sr.| s¢ |oen
NO. 31 n 100% ACTUAL (2) (3 {3)
3 MT
1 LH 45 60,780 1351 | 20,20 27,290 | |®F| W | W
42 1171 | 854
425 | 1.184 | 844
112,610 2502 1 17.51 43,785 43 | 1199 ] 834
435 | 1212 825
44 1.226 | 815
3 LH 51,020 1134 16.8{ 19,051 445 | 1.240 | 806
45 1.254 | 797
45.5 | 1.268 | 789
3 DT 50,600 46,035 1023 16.8) 17,186 46 1.282 | 780
P&s 46.5 | 1.296 | 772
47 1.310 | 763
415 | 1.324 | 755
4 LH 96,540 2145 | 18.5] 39,683 48 1.338 | .748
485 | 1.352 | .740
49 1.366 | .732
4 TD 36,380 808 36,11 29,169 49.5 1.380 | .725
50 1.393 | .718
50.5 | 1407 | 711
s 1 42.160 937 | 24.3] 22,769 51 1421 | .704
515 | 1435 | 697
52 1.449 | 690
53 1.477 | 677 4
54 1.505 | 664
55 1.533 | .652
THIS CALCULATION IS CARGO TOTALS 9900 198,933 56 1561 | 641
PREPARED IN: ) )
57 1.589 | .629
O ENGLISH UNITS LIGHT SHIP 4116 26,11 107,428 58 1616 | 619
) METRIC UNITS ‘sas |
STORES 150 35.0 5,250 59 1.644 | 608
60 1672 |.598
61 1.700 | 588
SHIP AND CARGO TOTALS | 14,166 311,611 62 1.728 |.579

(1) COMPLETE THESE COLUMNS IF MORE THAN ONE TYPE CARGO IS LOADED.
{2} FORPARTLY FILLED COMPARTMENTS, SHOW ACTUAL CUBIC OCCUPIED IN ADDITION TO FULL CUBIC.
{3} WEIGHTS AND MOMENTS SHOULD BE SHOWN TO THE NEAREST WHOLE UNIT.

CARGO PLAN: INDICATE HOLDS, TWEEN DECKS, ENGINE SPACES, FITTINGS, STOWAGE, TONNAGES, ETC.

7/ 77
808
7
VPP I N L S 777X/ /7777777777777 /
vadaa
937 2145 1023 | 1134 2502 1351
T T T 7 T T

PART 11 FUEL AND WATER CALCULATION

INTERMEDIATE SECTION IS REQUIRED TO BE COMPLETED IF ARRIVAL SECTION SHOWS BALLAST WHICH IS NOT LISTED IN DEPARTURE
SECTION. INTERMEDIATE CONDITION IS BEFORE BALLASTING SO IT INCLUDES THE EFFECT OF FREE SURFACE BUT NOT EFFECT OF
WEIGHT OF THE BALLAST WHICH 1S TO BE TAKEN ABOARD.

DEPARTURE: INTERMEDIATE: ARRIVAL:
NEW ORLEAN AN’ RP
TVPE Fs. FS, s
TANK | ouip [*=eHT| V.CG.| MOMENT | mom. |wewerv.ce. MOM, |WEeHT| V.C.G.| MOMENT | mom.
F.0.
3 DB 3 2 660 )(5,690) 97 12.0 194 §5 gog
6 DB 212 | 2.0 424 136 - —
Sett 42 | 34.0] 1,428 44 42 134,0 1,428 44
D.O.
4 DB 108 2,1 227. 1,550 63 2.1 132 1,550
F.W.
138 117.1] 2,360 - 56 |17.1 958 | (817)
5 DB 34 2.1 71 - 34 2.1 71 -
A.P, 100 |27.8f 2,780 817 = -
TOTALS
LIQUIDS 964 7,950 8,837 292 2,783 8,101
SHIP AND
canog 14,166 311,611 14,166 311,611
GRAND TOTALS
DISPLACEMENT -13.130 319,561 —— e ’ 14,458 314,394
DEPARTURE KG _21.12 INTERMEDIATE KG —.oe ARRIVALKG —21.75
(1) FREE SURFACE CORR.(+) 58 _ (1) FREE SURFACE CORR.(+) _. {1) FREE SURFACE CORR.(+ ____+56 _
(2) VERT.SM.CORR. (+) = (2) VERT. S.M. CORR. {#) (2) VERT.5M. CORR. (+) ——=
xgvzl.70 KG,, —. KGV.ZZ.JJ._
DEPARTURE KM _23.61 INTERMEDIATE KM — . ARRIVAL kM 25,40
DEPARTURE KGy 21.70 INTERMEDIATE KG,, ——— . ARRIVAL KG, 2231 _
DEPARTURE GM __3.91 INTERMEDIATE GM _ ARRIVALGM __3,09
REQUIRED MINIMUM GM REQUIRED MINIMUM GM REQUIRED MINIMUM GM
NOTES

SUMOP FREE SURFACE INERTIA MOMENTS
DISPLACEMENT

(1) FREE SURFACE CORR. =

{THIS CORRECTION MUST BE APPLIED TO ALL SHIPS.}

SUM OF VERTICAL TING MOMENTS F (THIS CORRECTION APPLIES ONLY WHEN VERTICAL
{2) VERT. 5.m. CORR. = ELlld ENTS FOR CARGO  51/iFTING MOMENTS ARE PROVIDED IN THE SHIW'S GRAIN
DISPLACEMENT LOADING MANUAL.}
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STABILITY SUMMARY

PART Il
GRAIN VOLUMETRIC GRAIN VERTICAL SHIFTING
STOw. { DEPTHOR HEELING S.F.OR HEELING MEN
C?q"a"- AGE ULLAGE MOMENT DENSITY MOMENT SEE NOTE 2 PART 1
R T FT4k @ TRt FTam Wi
! LH F 0 25,000 45
2 LH F 0 75,400
3 LH F 0 30,636
3 DT PF 2.4 75,300 (MAX)
D
S| F 0__|100,800
5 LH F 0 30,500
ToTALS 337,636 7,503

(1) UNDER STOWAGE INDICATE “F* FOR FILLED COMPARTMENTS, “F-UT"” FOR FILLED COMPARTMENTS UNTRIMMED,
“PF” FOR PARTLY FILLED COMPARTMENTS, “SEC” FOR SECURED OR OVERSTOWED COMPARTMENTS.

{2) THE STOWAGE FACTOR USED IN PART 1It SHALL NOT EXCEED THE VOLUME PER UNIT WEIGHT (TEST WEIGHT) OF THE
GRAIN. IF STOWAGE FACTOR IS SAME IN ALL COMPARTMENTS, DIVIDE TOTAL VOLUMETRIC HEELING MOMENT 8Y
STOWAGE FACTOR OR MULTIPLY BY DENSITY TO OBTAIN GRAIN HEELING MOMENT. IF STOWAGE FACTOR VARIES,
OBTAIN GRAIN HEELING MOMENT FOR EACH COMPARTMENT.

REGULATION 4, CHAPTER VI, SOLAS 1974 or
A. FOR VESSELS APPROVED UNDER REGULATION 4, IMCO RESOLUTION A.264(VI!1}, SOLAS 1960 or
REGULATION 4, IMCO RESOLUTION A.184{V1), SOLAS 1960

DEPARTURE INTERMEDIATE ARRIVAL
DISPLACEMENT 15,130 14,458
KGy 21.70 22,31
TOTAL GRAIN HEELING MOMENT 7503 7503
MAXIMUM ALLOWABLE HEELING MOMENT 13,437 10,283

*ANGLE OF HEEL (12° MAX.)

075 METER-RADIANS,
*RESIDUAL AREA 14.1 FT° OR 4.3M° MIN.

*GM  (0.3MOR 1 FT. MIN.)

*TO BE COMPLETED IF VESSEL'S GRAIN LOADING BOOKLET DOES NOT INCLUDE A TABLE OF ALLOWABLE HEELING
MOMENTS. IN SUCH CASE, STATICAL STABILITY DIAGRAMS DEMONSTRATING THIS INFORMATION SHALL BE ATTACHED

Hi T
ERETO. SECTION V(B), PART B, CHAPTER VI, SOLAS 1974 or

B. FOR SPECIALLY SUITABLE SHIPS APPROVED UNDER SECTION V(B), PART B, IMCO RESOLUTION A.264(VIil}

GRAIN HEELING MOMENT X 57.3 REGULATION 12, CHAPTER VI, SOLAS 1960

ANGLE OF HEEL =
DISPLACEMENT X GM

DEPARTURE INTERMEDIATE ARRIVAL

TOTAL GRAIN HEELING MOMENT

DISPLACEMENT

GM (CORRECTED OF LIQUID FREE SURFACK)

CERTIFICATE OF LOADING
(Bulk Grain Only)
—oF—

NATIONAL CARGO BUREAU, | NC

This is to Certify, that the _U-S . M/V_ATLANTIC

(flag) (Name of Vessel)
whereof J. JONES is Master, of 4,572 Net Tons
built at Bath, ME ing_61 , said to be bound for __Antwerp, Belgium

h_a: been under the inspection of a surveyor or surveyors of NATIONAL CARGO BUREAU, INC. at this port from
time 10 time during the course and in respect of the loading of grain in bulk; that so far as said cargo came under the
observation of such surveyor or surveyors, the stowage was in accordance with the lations of the C de
United States Coast Guard.

Underdeck cargo said to be:

369,800 Bushels #2 Hard Winter Wheat 9,900 Long Tons -

THIS CERTIFICATE IS NOT A CERTIFICATE OF SEAWORTHINESS
AND RELATES ONLY TO THE ABOVE CARGO

THIS CERTIFICATE IS NOT A FORM OF INSURANCE, OR GUARANTEE, AND IS ISSUED ON THE FOLLOWING TERMS
CONDITIONS: This Certificate and performance of services by NwonAIqu Bureau (“NCB") shall in no way be deemed to be a representation, uua:m.fb
or warranty of i quality or fitness for a parti use or service, of any vessel, container, cargo, structure, item of maserial, or equipment. NCB shall
no(helnbletov.udtbepmytowhomthuamﬂamsusuedambmmmwhhmmxsmwumlnywﬂchmm actions
lu dnma;es, mcludm; legal fees, o penons M« pwpeﬂy which may be m;m against NCB incidental 10, arising out of, o in connection with the services
by f NCB. NCB shall be discharged from all liability for t performance
um p:vfmo{mymm mmuon with ummoflhutqm‘mn, unless the same is discovered prior 0 and i uch&dmmm 1o NCB
within 1804: services. THE COMBINED LIABILITY OF NCB, ITS OFFICERS,
EMPLOYEES, AGENTS OR SUICONTMC'IDRS IOR ANY LOSS, CLAIM, OR DAMAGE ARISING FROM NEGLIGENT PEI!’gIMANCE
OR NON-PERFORMANCE OF ANY SERVICES IN CONNECTION WITH THE ISSUANCE OF THIS CERTIFICATE, OR FROM BREACH OF
ANY IMPLIED OR EXPRESS WARRANTY OF WORKMANLIKE PERFORMANCE, OR ANY OTHER REASON, SHALL NOT EXCEED IN
THE AGGREGATE $10,000. INNO EVENT SHALL NCB BE LIABLEFOR ANY CONS!QUENTIAL DAMAGES, INCLUDING, BUT WITHOUT
LIMITATION, DELAY, DETENTION, LOSS OF USE, OR CUSTOMARY PORT CHARGES TO THE PARTY TO WHOM THIS CERTIFICATE

llsslf,sl%m OR TO ANY OTHER PERSON, CORPORATION OR BUSINESS ENTITY FOR WHOSE BENEFIT THIS CERTIFICATE MAY BE

Issued at New Orleans, LA
Port

Jan. 24, 1994
Time Dute

Master

A. BAKER Surveyor

o108 A final Certificate of Loading will be issued in due course.

ANGLE OF HEEL (5° MAX.}
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GENERAL CARGO SHIP

EXAMPLE 4
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NATIONAL CARGO BUREAU, INC.
GRAIN STABILITY CALCULATION

S.S/MY. YEAR BUILT 1983
ATLANTIC AT Bath
COUNTRY OF REGISTRY NET TONNAGE OFFICIAL NO.
U.S.A. 4572 303427
AGENT
Orleans Shipping Company

GRAIN LOADING BOOKLET APPROVED 8y __ National Cargo Bureau

DRAWING NO. _GW-348 DATE OF APPROVAL May 21, 1983

APPLICABLE REGULATIONS __Int'l Code for Safe Carriage of Graim =~

ADDENDUM FOR UNTRIMMED ENDS APPROVED BY None

DRAWINGNO. =  ~_  DATE OF APPROVAL =

LOADING PORT New Orleans

BUNKERING PORTS -

DISCHARGE PORT___Antwerp

STEAMING DISTANCE __ 5,300 mi.  MmitesPERDAY __35Q Time _15 Days

DAILY CONSUMPTION: FUEL ___30 LT DIESEL 3 LT WATER 12 LT
DISPLACEMENT DEADWEIGHT DRAFT FREEBOARD

*WINTER

suvmer 15,130 LT = _11.014 LT 28'0" 10'8"

*TROPICAL

FRESH WATER ALLOWANCE ___ 7"
* (If Applicable)

TPI/TPC (AT SUMMER DRAFT)___ 52.5

THIS IS TO CERTIFY THAT:
1. THIS CALCULATION IS PREPARED IN ACCORDANCE WITH THE REQUIREMENTS OF THE
VESSEL'S GRAIN LOADING BOOKLET AND THE APPLICABLE GRAIN REGULATIONS;

2. THE STABILITY OF THE VESSEL WILL BE MAINTAINED THROUGHOUT THE VOYAGE IN
ACCORDANCE WITH THIS CALCULATION.

J. Jones
CALCULATION PREPARED BY:
(TO BE COMPLETED IF FORM PREPARED MASTER
BY OTHER THAN SHIP'S PERSONNEL)

EXAMINED: A, Baker
N.C.B. SURVEYOR

NAME (PRINT)

COMPANY

DATE: January 20, 1994

SIGNATURE. DATE

NOTE: ORIGINAL STAE|L|TV CALCULATION AND GRAIN ARRANGEMENT PLAN TO BE SUMITTED
TO THE N.C.B. SU YOR. ALL TONNAGES USED IN THESE CALCULATIONS SHALL BE
SHOWN IN THE SAME UNITS AS USED IN THE GRAIN LOADING BOOKLET.

REV.1/1/90
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SHIP AND CARGO CALCULATION

PART 1l FUEL AND WATER CALCULATION

INTERMEDIATE SECTION IS REQUIRED TO BE COMPLETED IF ARRIVAL SECTION SHOWS BALLAST WHICH IS NOT LISTED IN DEPARTURE
SECTION. INTERMEDIATE CONDITION IS BEFORE BALLASTING SO IT INCLUDES THE EFFECT OF FREE SURFACE BUT NOT EFFECT OF
WEIGHT OF THE BALLAST WHICH 1S TO BE TAKEN ABOARD.

PART |
TYPEOF GRAIN __Barley s1owaGEFACTORI(SF)_55 _  cufrT./T. WRMAE
COMPT.} CARGO S.F. GRAIN CUBICS WEIGHT MOMENT
No. n il 100% actoaLi| @ | VO 3 SF.| SF. |OEN.
CuFt | M3 M7
1LH 55 60,780 100% 1105 20.2 § 22,321 —Ll‘T— | M3
2LH 112,610 2047 | 17.5 ] 35,823 42 | 1171 854
425 ) 1184 | 844
2TD 47,400 862 | 36.5] 31,463 s | 119 | 834
3LH 51,020 928 16.8 ] 15,590 435 | 1212 825
44 | 1226 | 815
3DT 50,600 920 16.8 ] 15,456 445 | 1.240 | 806
3TD 35,010 637 35.01 22,295 45 1254 1 .797
455 | 1.268 | 789
4LH 96,540 1755 18.5] 32,468 . 1282 | 780
4TD 36,380 661 36.1] 23,862 46.5 | 1.296 | .772
47 | 1310 .763
SLH 42,160 767 24.3] 18,638 475 | 1324 ] 755
5TD 24,460 11,990 218 ) 37.6) 8,197 48 1.338 | .748
48.5 | 1.352 ] .740
49 | 1366 |.732
49.5 | 1.380 | .725
50 | 1393 |.718
505 | 1.407 | 711
51 1.421 | .704
515 | 1.435 | 697
52 | 1.449 | 690
53| 1477 | 6717
54 | 1.505 | .664
55 1.533 | 652
THIS CALCULATION IS CARGO TOTALS | 9,900 226,113
PREPARED IN: ! > 56 | 1.561 [.641
ENGLISH UNITS veHTsmie | 4,116 26.1 | 107,428 57| 1e89fe29
O METRIC UNITS S8 [ 1616 1.619
STORES 150 35.0 5,250 59 | 1.644 [.608
60 | 1672 |.598
61 1.700 | .588
SHIP AND CARGO TOTALS I 14,166 I | 338,791 6 1728 | 579

(1) COMPLETE THESE COLUMNS IF MORE THAN ONE TYPE CARGO IS LOADED.
(2} FOR PARTLY FILLED COMPARTMENTS, SHOW ACTUAL CUBIC OCCUPIED IN ADDITION TO FULL CUBIC.
(3} WEIGHTS AND MOMENTS SHOULD BE SHOWN TO THE NEAREST WHOLE UNIT.

CARGO PLAN: INDICATE HOLDS, TWEEN DECKS, ENGINE SPACES, FITTINGS, STOWAGE, TONNAGES, ETC.

_ 7 ~__—7777 7
7777777771 661 LT 637 LT 868LT
218 LT
4 7 7777
767 1755 920 | 328 2047 LT 11051
LT T LT T

92

DEPARTURE: INTERMEDIATE: ARRIVAL:
PORTLAND AT BALLAST POINT VALPARATSQ
TYPE F.S. F.S. Fs.

TANK || ouip |weierT| v.c.6.] MOMENT mom. |wsiGHT| v.C.G.] MOMENT mom. |wmiertjv.ca.l moment MOM,
F.0.
3 DB 330 | 2.0 660 |(5,690Y4 17512.0 350 5,690 | - -
6 DB 212 | 2.0 424 736] 212 [ 2.0 424 736 | 97 | 2,0 194 |(5,690
Sett 42 |34.0| 1,428 46| 42 B4a.0| 1,428 44 | 42 134,0] 1,428 44
D.0.
4 DB 108 | 2.1 227 1,550) 92 ] 2.1 193 1,550 | 63 | 2.1 132 11,550
F.W.
FWT 138 [17.1] 2,360 - |38 [17.1] 2,360 - 56 [17.1] o9sg -
5 DB 34 | 2.1 71 - 34 | 2.1 11 - 34 |2.1] 71 -
A.P. 100 [27.8] 2,780 817 | 38 {27.8 1,056 | 817 | - (817)
BALL
1 DB - - 3,880)1233 |3.5] 816 -
5 DT - - 239 19,512.27] -

TOTALS

LIQUIDS 964 2,950 8,837 131 5,882 12,217 __164 5,870 8,101

S ate 14,166 338,791 14,166 338,791 14,166 338,791

GRAND TOTALS

pispacement 132130 346,741 14,897 344,673 14,930 344,661

DEPARTURE KG 22,92 INTERMEDIATE KG - 23,14 ARRIVALKG 23.09
(1) FREE SURFACE CORR.(+) 38 _ (1) FREE SURFACE CORR.(+) . 0.85 (1} FREE SURFACE CORR.(+) ¢34

(2} VERT. S.M. CORR. {+) - 12) VERT. SM. CORR. {#} — .. . (2) VERT. S.M. CORR. (4) <o m. ——

kG, 23.50 K6, 2399 _ KG, 23.63
DEPARTURE KM 25,61 INTERMEDIATE KM —25.54 _ ARRIVAL KM —25.55.

DEPARTURE KG,, .23.50 _
DEPARTUREGM __ 2,11
REQUIRED MINIMUM GM ___

INTERMEDIATE KG,, ~23.99
INTERMEDIATE GM 1,35 _ ARRIVALGM _ 1.92
REQUIRED MINIMUM GM ____ REQUIRED MINIMUM GM

ARRIVAL KG,, 23.63

NOTES

SUM OF FREE SURFACE INERTIA MOMENTS

F =
(1) FREE SURFACE CORR. O1SPLACEMENT

(THIS CORRECTION MUST BE APPLIED TO ALL SHIPS.)

{THIS _ORRECTION APPLIES ONLY WHEN VERTICAL
SUM OF VERTICAL SHIFTING MOMENTS FOR CARGO ) [k~ |NG MOMENTS ARE PROVIDED IN THE SHIF'S GRAIN

.M. CORR_ =
{2) VERY. 3.M. CORR DISPLACEMENT LOADING MANLIAL.}
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STABILITY SUMMARY

PART ill
GRAIN VOLUMETRIC HEEAK‘VG VERTICAL SHIFTING
2 DEPTHO ELING Ll MOMENT
CON%PT S;g‘g ULL:GER I:AEOMLEINT DSE:I.SCI)'PY MOMENT SEE NOTE 2 PART II
L™ FTom @ W, FTame Wi
1 LH F 0 25,000 55
2 LH | Bundle 51,700
2 TD | Bundle 40,300
3 LH | Bundle 17,900
3 DT's] F 23,500
3 TD | Bundle 36,900
4 LH | Bundle 41,600
4 TD | Bundle 33,400
5 LH F 30,500
2 1D | SEC = 0
TOTALS 300, 800 5469

(1) UNDER STOWAGE INDICATE “F” FOR FILLED COMPARTMENTS, "F-UT” FOR FILLED COMPARTMENTS UNTR{MMED,
“PF" FOR PARTLY FILLED COMPARTMENTS, “SEC” FOR SECURED OR OVERSTOWED COMPARTMENTS.

{2) THE STOWAGE FACTOR USED IN PART I/] SHALL NOT EXCEED THE VOLUME PER UNIT WEIGHT (TEST WEIGHT) OF THE
GRAIN. IF STOWAGE FACTOR IS SAME {N ALL COMPARTMENTS, DIVIDE TOTAL VOLUMETRIC HEELING MOMENT BY
STOWAGE FACTOR OR MULTIPLY BY DENSITY TO OBTAIN GRAIN HEELING MOMENT. IF STOWAGE FACTOR VARIES,
OBTAIN GRAIN HEELING MOMENT FOR EACH COMPARTMENT.

REGULATION 4, CHAPTER VI, SOLAS 1974 or

A. FOR VESSELS APPROVED UNDER

REGULATION 4, IMCO RESOLUTION A.264(V1l1}), SOLAS 1960 or

REGULATION 4, IMCO RESOLUTION A.184(VI}, SOLAS 1960

'DEPARTURE

INTERMEDIATE ARRIVAL
DISPLACEMENT 15,130 14,897 14,930
KGy 23.50 23.99 23.63
"\ TOTAL GRAIN HEELING MOMENT 5469 5469 5469
MAX{MUM ALLOWABLE HEELING MOMENT 7411 5547 6765

*ANGLE OF HEEL (12° MAX.)

075 METER-RADIANS,
*RESIDUAL AREA 14.1 FT° OR 4.3M° MIN,

*GM  (0.3MOR 1 FT.MIN.}

*TO BE COMPLETED {F VESSEL'S GRAIN tOADING BOOKLET DOES NOT {INCLUDE A TABLE OF ALLOWABLE HEE LING

MOMENTS. IN SUCH CASE, STATICAL STABILITY DIAGRAMS DEMONSTRATING TH!IS INFORMATION SHA(LL BE ATTACHED

HERETO.

SECTION V(B), PART B, CHAPTER VI, SOLAS 1974 or
B. FOR SPECIALLY SUITABLE SHIPS APPROVED UNDER SECTION V(8), PART B, IMCO RESOLUTION A.264(V11H)

GRAIN MEELING MOMENT x 57.3  REGULATION 12, CHAPTER V1, SOLAS 1960

ANGLE OF HEEL =

DISPLACEMENT X GM

DEPARTURE

INTERMEDIATE

ARRIVAL

TOTAL CRAIN HEELING MOMENT

DISPLACEMENT

GM (CORRECTED OF LIQUID FREE SURFACK)

ANGLE OF HEEL {§° MAX.)

STANDARD BUSHEL WEIGHTS

WHEATS, SOYBEANS, RICE
60 LBS. per Bushel
37.33 Bushels per Long Ton
1,000 Bushels = 26.7857 LT

LT = Bushels x 3
112

.. Bushels = LT x 112
3

CORN, RYE, SORGHUM AND FLAX
56 LBS. per Bushel
40 Bushels per Long Ton
1,000 Bushels = 25 LT

BARLEY
48 LBS. per Bushel .
46.67 Bushels per Long Ton
1,000 Bushels = 21.4286 LT

LT = Bushels x_3_
140

Bushels = LT x 140
3

Note: The above are standard Bushel Weight Units used in the Grain Trade and should j'
not be confused with Bushel Volume Units used to determine Test Weights.
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AVERAGE TEST WEIGHTS OF THE PRINCIPAL GRAINS
LOADED AT UNITED STATES PORTS

The Test Weght of a particular grain is the actual weight in pounds of a U.S.
(Winchester) Bushel which is a unit of volume (dry measure) equalling 2,150.42 cubic
inches or 1.2445 cubic feet.

Lbs. per Bushel Lbs. per Bushel
BARLEY 50 SORGHUM (MILO) 57
CORN 55 SOYBEANS 56
LINSEED 50 SUNFLOWER SEED 28
MILLET 57 WHEAT, AMBER DURUM 61
OATS 40 WHEAT, HARD WINTER 62
PEANUTS 51 WHEAT, NOTHERN SPRING 60
RICE 60 WHEAT, SOFT RED 59
RYE 58 WHEAT, WHITE 61
SAFFLOWER SEED 41 CANOLA/RAPE SEED - 51

NOTE: The above test weights are average figures based on information obtained from
grain loading ports. The specific test weights of particular grain cargoes may vary from
the figures shown. Data on test weights is usually available from grain inspection offices
at shipping elevators.

The above test weights when used in conjunction with the stowage factor table on

page 97 will give the approximate stowage factor for a conventional general cargo vessel
with one tween deck.

The stowage factor for specially suitable bulk carrier will generally be from one to
two cubic feet per long ton less due to compaction and the configuration of the holds.

ANGLE OF REPOSE OF VARIOUS GRAINS

BARLEY 46° RYE . 32° -
CORN 21° SAFFLOWER SEED 28°
LINSEED-FLAXSEED SORGHUM (MILO) 31°
OATS 21° SOYBEANS 22°
RICE 20° WHEAT 23°

GRAIN STOWAGE FACTORS

1 U.S. Bushel = 1.2445 Cu. Ft.
2240 1bs.

x  1.2445 cu. ft. = cu.ft. per long ton

Test Weight per bu. (1bs.)

| CUFT.PER
32 87.11 2.428 50 55.75
33 84.47 2.354 51 54.66
34 8199 2.285 52 53.61
35 79.65 2.220 53 52.60
36 77.43 2.158 54 51.62
37 75.34 2.100 55 50.68
38 73.36 2.045 56 49.78
39 71.48 1.992 57 48.91
40 69.69 1.942 58 48.06
41 67.99 1.895 59 47.25
42 66.37 1.850 60 46.46
43 64.83 1.807 61 45.70
44 63.35 1.766 62 44,96
45 61.95 1.726 63 4425
46 60.60 1.689 64 43.56
47 59.31 1.653 65 42.89
48 58.08 1.619 66 42.24
49 56.89 1.586 67 41.61

When test weights are for Canadian Imperial Bushels, multiply the above stowage factors
by 1.0315 (1 Canadian Imperial Bushel equals 1.2837 Cu. Ft.)
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STOWAGE FACTOR CONVERSION TABLE

M.
36 3543 1.003 0.996 1.020 0.980
38 37.40 1.059 0.944 1.076 0.929
40 39.37 1.115 0.897 1.133 0.883
41 40.35 1.143 0.875 1.161 0.861
42 41.34 1.171 0.854 1.189 0.841
43 42.32 1.199 0.834 1.218 0.821
44 43.31 1.226 0.815 1.246 0.803
45 44.29 1.254 0.797 1.274 0.785
46 45.27 1.282 0.780 1.303 0.768
47 46.26 1.310 0.763 1.331 0.751
48 47.24 1.338 0.748 1.339 0.736
49 48.23 1.366 0.732 1.388 0.721
50 49.21 1.393 0.718 1.416 0.706
51 50.19 1.421 0.704 1.444 0.692
52 51.18 1.449 0.690 1.472 0.679
53 52.16 1.477 0.677 1.501 0.666
54 53.15 1.505 0.664 1.530 0.654
56 55.13 1.561 0.641 1.586 0.631
58 57.08 1.617 0.618 1.643 0.609
60 59.05 1.673 0.598 1.699 0.589
62 61.02 1.728 0.579 1.755 0.570
64 62.99 1.784 0.560 1.813 0.552
66 64.96 1.840 0.543 1.869 0.535
68 66.93 1.896 0.528 1.926 0.519
70 68.89 1.951 0.512 1.982 0.504
72 70.86 2.007 0.498 3.039 0.490
74 72.83 2.063 0.485 3.096 0.477
76 74.80 2.119 0.472 2.152 0.465
78 76.77 2.175 0.460 2.209 0.453
80 78.74 2.230 0.448 2.265 0.441
82 80.70 2.286 0.437 2.322 0.431
84 82.67 2.342 0.427 2.379 0.420
86 84.64 2.398 0.417 2.436 0411
88 86.61 2.453 0.408 2492 0.401
90 88.58 2.509 0.399 2.549 0.392
92 90.54 2.565 0.390 2.606 0.384
94 92.51 2.620 0.381 2.663 0.375
96 94.48 2.676 0.373 2.719 0.367
98 96.45 2.732 0.366 2.776 0.360
100 98.42 2.788 0.358 2.833 0.353
102 100.38 2.843 0.351 3.889 0.346
104 102.35 2.899 0.345 3.946 0.339
106 104.32 2.955 0.338 3.003 0.333
108 106.29 3.011 0.332 3.059 0.327
110 108.26 3.067 0.326 3.116 0.321
112 110.23 3.122 0.320 3.172 0.315
114 112.20 3.178 0.315 3.229 0.309
116 114.17 3.234 0.309 3.286 0.304
118 116.13 3.290 0.304 3.343 0.299
120 118.10 3.345 0.299 3.400 0.294
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METRIC CONVERSIONS

Calculator

Conversions

Rule: C= Ax B -or- A=

Centimetres 0.03281 Feet
(1/100 Meter) 0.3937 Inches
= Meters 3.28084 Feet
Ef 0.001 Kilometers
Kilometers 3280.839 Feet
(1000 Meters) 0.62137 Statute Miles
0.53997 Nautical Miles
s Square Centimeters 0.155 Square Inches
< Square Meters 10.7639 Square Feet
Cubic Centimeters 0.061024 Cubic Inches
0.001 Liters
0.033814 Fluid Ounces
Cubic Meters 35.31338 Cubic Feet
E 264.17205 Gallons (U.S.)
E 28.3776 Bushels (U.S.)
Liters 33.81 Fluid Ounces
0.26417 Gallons (U.S.)
0.03532 Cubic Feet
61.02553 Cubic Inches
Kilograms 2.20462 Pounds
0.001 Metric Tons
% 0.000984 Long Tons
g 0.0011 Short Tons
% Tonnes 2204.623 Pounds
= .| (Metric Tons) 1000.0 Kilograms
: 0.98421 Long Tons
1.10231 Short Tons
Kilonewton 101.94 Kilograms
g (1000 Newtons) 224.739 Pounds
= 0.10033 Long Tons
0.11237 Short Tons
. Kilogram per 14.22337 Pounds Per Square Inch
‘é Square Centimeter
E Kilograms per 0.204815 Pounds Per Square Foot
Square Meter
E Meters* 115.8618 Feet4
S Meter - Tonnes 3.22904 Feet - Long Tons

99



200°0 + Buipees 10qewoipAy [#072 = 0 peuejes ALISNIOx
G20’} 000 000 000 000 000 000 000 000 OO0 000 000 000 000 ©O000 O000 O000 000 000 000 000 S20°}
v20'L 002 260 8L 9L 891 09'L 25t FL 98 8L 024 2L $O'L 960 880 080 2L0 90 950 8Y0 |#¥20°)
€20'L 00y #8'C ©9C 2SE€ OEE O02€ HFOE 982 2ILZT 952 ObZ ¥2T 80T 26+ 9L O09L vl 82 2L 960 |€204
1 220't 009 9GS 2GS B82S YOS 08P 9SSy 2Ly 80F HBEC 09€ 9E€ 2I'E 882 $9C O¥Z 9L’ 26+ 891 ¥l eeo’'L
X1 4 008 89L 9. 0L 2L9 O¥9 B09 9LS H¥S 2L'S 08y 8Py 9I'P PBE 2GS O2EC @8Z 952 w22 26| 120t
020’} 000 096 026 088 Ob8 008 092 O02L O089 Ov9 009 09S O02S O8F Oy OOF O09°E OCSE 08T O 020’}
610} 002k 2S'LL YO'LL 9S0L B00L 096 <216 +9'8 9i'8 B892 02.L L9 29 9IS B82S 08P 2EP HEE 9EE 6887 610°'L
8101 00'¥L v¥'EL 882 2€2L 9L'4lL O02Z'ht $90L B00L 256 968 Ov8 8L 82L 2.9 91'9 09S +OS 8Py 26E€ 9EE 810’}
4104 0091 9€'SL 2L'vL 80Vl vv¥EL 08'2L 9L2L 25iLL 880L $SOL 096 968 28 89L POL OP9 9.S 2I'S BYY 8E 410°L
9104 00’8l 821 959L ¥8'SL 2iL'SL OF'¥L B9'EL 96'2L #22L 2SS4k 08Ol 800L 96 $98 26.L O02L 8P9 9OL'S POS 2E€P 810°'L
S04 000Z 026L O¥8L 09'ZL 089L 009l O2SL OvPL O09'€EL O82L 00CL OCLL OPOL 096 O88 008 02/, OPV9 O09S 08V Sio’'}
¥10°L 0022 2L'iZ2 P20C 9€6L 8¥8L 09'LL 2.9l P8'SL 96F¥L BOPL O2E€L 2ECh vPLL 9SOl 896 088 26L ¥O.L 91’9 82S #1014
€1o0’l 00'¥C PO'€Z BO'2C 24°k2 91’02 026L +28L B2ZL 2€9L 9€SL OvPlL #PEL 8P2L 2CSLL 9S0L 096 98 89L 2L9 9L'S £10°)
2ol 00'9C 96'¥2 26'€C ©8'22 PB8'IZ 0802 9.6L 2.8L 89'ZL $9'9L 09'SL 9S¥lL 2S'EL 8F2L PPLL OPOL 96 2€€¢ 822 29 clo’l
110} 0082 ©8'92 9.6 P9'bZ 2S'€C OP'2Z 8212 9102 PO6L 26721 O089L 89'SL 9SPL vPEL 2E2L OCLL B800L 968 8L 2L9 Lo’
olo’'} 000 0882 09'.2 O¥92 02SC 00v¥e 0822 09’2 O¥0Z 02Z6L 008L 089L 09'GL OF'PL OZEL 002L 0B80L 096 OF¥8 027 0l0'}
600} 00'2€ CL0E P¥6C 91’82 8892 09'SC 2CPC PO'ET 9Ll B8YOZ 026 26°LL v9'9L 9€'SL 80O'vL 082F 2SIk ¥20L 968 89L 600
800°L 00'PE $9'2€ 82'lE 2662 9582 0242 +8'SC 8b¥e 2i'ec 9.l Ov0Z #06L B89ZLL 2€9L 964l 09'€CL ¥22I B880F 256 9I'8 800°L
100°} 00'9€ 9S'¥E ZI'EE B9'LE PCOE 0882 9€.2 26'SZ 8y¥Z vO'EC 09’k 9102 cL'8F 82LL ¥8'SL OP'PL 962F 2S'LL 800L +9'8 100°L
900°} 00'8€ 8¥9E 96'YE vPEC 26'LE OPOE 8882 9€.Z PB'SC 2E'vC 0822 8212 9261 v¥28L 2.91 02SI B89C€EL 912L ¥90L 216 900°L
S00° L 00’0y Op'8E 089 02°SE 09'€E 00'2E OVOE 0882 02Z.2 09SC 00v¥eZ O¥'2Z 0802 026F 09'ZL 009L OF¥Pl 0B8CL OCLL 096 S00° L
$00'4 002 2EOF PO'BE 96'9€ 82'SE 09'EE 26'IE YZTOC 9582 89'9Z 02'SZ 2SE€Z P8I 9102 8¥'8L 08'9L 21'SL vPEL 9LLL 80°0L | $OO'L
£00'} 00'vy b2k 8YOF CLBE 96'9E 02'GE PPEE B89°'LE 2662 9L'8C OP'92 POvZ 8822 2Ll 9€'6L 09'LL #8'SL 80'P#L 2€2I 950L | €00}
200’} 009y 9i'vP 2€Cr B8POP +O9'BE 0B'9E 96'vE CL'€E 8Z'IE PP6C 09'lC 9/'GZ 26'€C 8022 +2'02 OFP8I 959L 2L¥l 88¢Ck ¥O'LL | 200°4
100't 008y 80'9V 9L'vP PZ2P 2EOF O¥'8E BY'OE 9S¥E +O'2E ILOE 08'8C ©8'92 96'v PO'EZ Zh'IZ OT6L 8ZLL 9E'SL ¥rEL 2SHL | 100'4
000't 00°0S 00'8Y 00°9F 00'Py 00'2F 00'0Ob 00'SE 00°9C OO'PE 00°2E 00°0E 00'82 00'92 00'vZ2 00'ZZ 00'02 00'8F 00'9L 00'BL 00'ZL | 000°F

101

ALISN3Qx| 00°0S 00'8F 00'9% O0O'¥F 002y 00'OF 00'8E 00'9E OO0'¥E 002€ 00°0E 0082 0092 00'¥Z 0022 0002 008 0094 00'PL 002h |ALISNICs
SHILIWILNID - VM4 TV.IOL

OIH13W  ALISNIQ 'SA SONVMOTIV HILVM HS3H4d

E
@)
. - ae o=t
Q -
-~ & g E
I o =
© . £ »
3 & 2 £% g g
g =1 e g8 2 L2
Sm = Q Q O Q B .
5] =R - ~ It O g g o gm.m
E A n O w2 = . O = nC
Z g Z2o8% 43 o8Ls Sseg 22 B 258
o w o ax=.2 <= A o A ® 3 E& g8 & b
0 = : E v —~ x o=l -0 2 s 8 . I Q5
Y= S Lo48XTP 0TS Il 5 & — £ 3 a = 5.2 & £
) C.wd667mn__r S8R __rm__ mc@m.m.-m 00 i R
£ L5 T 2 5 8 = @ = o » §s = = e
[« =S 3 0 2 8 O 2Q S 8 w @ b5 O e 5 vy
o O O r21pta v m.l 8 oom 09T Wy~ & g D EW Il
= Boo S & __7WW S__TO. 222 mm..o..m__‘m.wm nm..ml
> EE8ES " g0l §2 = HRE B 822 o w1 22588
Z YB3 o588 0 < = go - = o8 3 EB e *x3Q
a2 [Z = en S Q U6at5 e & O 0 3n1u4 =
o NSw= 683 puw = . £ 8 B~ nIZS=ZdaarnszF oY o859
S& 3w 9 © 0 . @ X O = ® o E QL R ARSI S
(@) Wl a ©8 2 N o~ <, 200 aa IS ea0 © —~
580 %y &8 O 52 B2 8o o =} i < Eq o g
L nnntttwmmw anmm MMl:.m m::nx XXWA.SMSXX
228 ¢g¢ggg89ae59o g8 g~ E = = = o 2 8 a S ;
= TEESEEESE R ZEaU B JFugf <857 z8ggfl lExEF
€3 50080 B0 4 © O O o o 8 E S g < 2 5 <= - L 82 882TTC w
E e 0 A 2= S QT N IS g Cmm.h..t meﬂﬂtctta Ez23 o
7 EunwvwwuwsgS5E5S5EGg C & w E = =z c5 8 Eo‘mem?mmcnemauewﬁ
5 EBEoopC00082R %2 E 558 EZXE® OSB=SE85S=amO05 2w
= i z =

100



DISTANCES IN NAUTICAY, MILES
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Seattle
Singapore
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.
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Baltimore
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Los Angeles
Manila .
New York
Norfolk
Philadelphia
Shanghai
Valparaiso
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DISTANCES IN NAUTICAL MILES

ETRAIT OF GIBRALTAR TO: BISHOP ROCK TO:
(35°-57"N 5°- 45’ W) (49°- 45" N 6°- 35’ W)

Antwerp
Baltimore

Algiers
Barcelona.
Baltimore -

Helsinki
Leningrad
London
Montreal
New York
Norfolk

Istanbul
Marseille
Montreal

Naples Oslo
New York - G.C. Philadelphia
New York via 36° Rotterdam
Norfolk - G.C. Savannah
Norfolk via 362 N Stockholm
Odessa - -
Panama
PENTLAND FIRTH TO:
Philadelphia 3344 o A% N 2°. Y
Piraeus 1522 (58 42’ N .20 W
. Antwerp
Baltimore 3520 |
Bergen 296
, E . Gdynia 1002 ’1
STRAITS OF FLORIDA Hamburg . sss
(24°- 24 N83°-00'W) . Leningrad 1421
. Montreal 2641

Baton Rouge m
Bishop Rock - G.C:
Bishop Rock
via Cape Finisterre
Bordeaux . o !
Casablanca . Hiﬁ
MONTREAL TO:

Baie Comeau
Chicago
Duluth-Superior
Milwaukee
Quebec
Panama
Rio de Janeiro -
Sault Ste. Marie
Thunder Bay
Toledo

_ .. via Belle Isle Strait
. New York
Philadelphia
Rotterdam
Straits of Florid

Houston
Lake Charles
Lisbon
Mobile
New Orleans
Pascagoula

Port Arthur

Strait of Gibraltar
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