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Abstract. Container transportation is an integral part of international trade. Thanks to the standardization
of containers and a well-developed logistics infrastructure, they ensure fast, reliable and cost-effective delivery
of a variety of goods between countries and continents. Containerization helps optimize transport chains, reduce costs,
and simplify customs procedures, making it a key element of the global economy. The cargo plan for a particular
commercial vessel is fundamental from the point of view of safety, because its incorrect filling has the highest degree
of impact on the safe transportation of goods. As the share of container traffic in the total cargo turnover is continu-
ously increasing, the problem of shippers incorrectly declaring the actual weight of containers is becoming more ur-
gent. Incorrect declaration of container weight may be due to the shipper's desire to save money on cargo transporta-
tion, as well as to an erroneous estimate of cargo weight, or to a failure to account for the weight of cargo containers,
separation materials, etc. Overloaded containers or containers with incorrectly specified weights pose serious prob-
lems from the point of view of ensuring the safety of the transport vessel — they can lead to loss of stability of the ves-
sel, increasing the risk of collapse of stacks, as well as transshipment equipment for container handling, creating dan-
ger during loading and unloading in ports and warehouses. If discrepancies in weight are found, containers can be de-
tained at ports or returned to the shipper. The main causes and consequences of incorrect declaration
of container weight are considered.
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AnnoTtanusi. KoHTeliHEpHBIC TIEPEBO3KH SIBISIOTCS HEOTHEMIIEMOW YacThIO MEXIYHApOIHOHW ToproBiu. brmaromaps
CTaHJAPTU3AIH KOHTCHHEPOB M Pa3BUTOI JIOTHCTHYECKON HHPPACTPYKTYype OHH OOCCIIEUHBAIOT OBICTPYIO, HAJEK-
HYIO U SKOHOMUYECKH 3(PPEKTUBHYIO JOCTABKY Pa3HOOOPa3HBIX IPy30B MEXKIY CTpaHAMHU U KOHTHHEHTaMu. KoHTeii-
HEepU3aIHs COCOOCTBYET ONTUMH3AIUK TPAHCIIOPTHBIX [EMOYEK, CHIDKCHUIO U3JICPIKEK U YIIPOIICHUIO TAMOXKCHHBIX
HPOLEIYP, YTO AENAeT €€ KIFOYECBBIM 3JIEMEHTOM III00aIbHON 3KOHOMHUKH. ['py30BOil MiIaH il KOHKPETHOTO KOM-
MEpUYECKOro CyJAHa SIBISIETCS OCHOBOIOJNATAOIINM C TOYKU 3pEHHs OE30IIaCHOCTH, T. K. €0 HEBEpHOE 3aIlOJHEHHUE
OKa3bIBacT HAMBBICUIYIO CTETICHb BIUSHUS Ha OE30IaCHYIO MepeBO3Ky Ipy30B. [I0CKOIbKY J0MsT KOHTEHHEPHBIX epe-
BO30K B 00I11eM rpy30000pOTe HEMPEPHIBHO YBEIMIUBACTCS, TO MPOOIeMa HEMPaBIIBHOTO ACKIAPUPOBAHUS TPY300T-
MPaBUTEISIMU (PAKTHICCKOTO Beca KOHTCHHEPOB CTAHOBUTCS Bce Ooliee akTyanbHO. HeBepHOe neknapupoBaHue Beca
KOHTCIHEPOB MOXKET OBITh CBS3aHO KaK C )KEJTaHUEM I'PY300TIPABUTENS COKOHOMUTh Ha TPAHCIIOPTHPOBKE TPY3a, TaK
U C ONIMOOYHOM OIIEHKOW Beca rpysa, 100 ¢ HEy4eTOM Beca Taphl rpy3a, MaTepPHAaIoOB Ceapalyy U T. 1. M30bTouHO
3arpy’KeHHbIC KOHTCHHEPHl WM KOHTCHHEpPHI C HEMPAaBWIFHO YKa3aHHBIM BECOM CO3JIAIOT CEPhE3HBIC MPOOIIEMBI
C TOYKHU 3peHHst oOecriedeHus: 0€30MacHOCTH TPAHCIIOPTHOTO Cy/AHA — MOTYT IPHUBECTH K MOTEPEe OCTOUYHUBOCTHU CYI-
Ha, YBEJIMUMBAas PUCK OOpYIICHHsI IITa0eINeH, a Takke Ieperpy304Horo 00opyoBaHus aasi 00pabOTKH KOHTEHHEPOB,
co3/1aBasi OTMACHOCTh BO BpeMs IOTPY3KH U Pa3rpy3KH B MOpTax U Ha ckianax. [Ipu oOHapyKeHHH pacX0oKICHHUI B Be-
ce KOHTEHHEphl MOTYT OBITh 3a/IepXKaHbl B MOPTaX WIIM BO3BpALICHBI IPY300TIPAaBUTEINI0. PaccMaTpHBAIOTCsT OCHOB-
HBIC IPUYHMHBI U TOCIICICTBAS HEMIPABUIILHOTO JICKIAPUPOBAHHUS Beca KOHTCHHEPOB.
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s murupoBanusi: [lemposa E. E., I'annecen B. B., Kapnywun Y. C. TlpobiemMa HenpaBHIBHO 3asBICHHOTO Beca
KoHTeitHepa // BecTHHK AcCTpaxaHCKOTO TOCYIapCTBECHHOTO TeXHHMUYECKOTO yHHBepcuTeTa. Cepusi: Mopckas TeXHHUKa
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Introduction

Currently, more than 6 300 container ships are con-
tinuously plying the oceans and other waterways,
transporting cargo around the world. The range of car-
go types transported in containers is noticeably ex-
panding: it has become possible to ship the small
batches liquid and bulk cargo in cargo transport units
(CTU) as a result of the introduction of flexitanks and
tank containers. Container transportation takes up an
increasing share of the total cargo turnover due to the
versatility in relation to the shipping cargo. An im-
portant advantage of the container method of cargo
delivery is versatility in multimodal transportation.
This advantage is more noticeable as longer the chain
of delivery means from the supplier to the recipient.

Over the past 60 years the container capacity
of ships has increased from 400 to approximately
19 500 containers (in conventional TEU), i.e. almost
50 times. Currently the largest container ships cost
more than $150 million, and the cargo they carry can
cost several billion US dollars at a time.

To make up a cargo plan is the biggest problem in
container transportation. The distribution of cargo af-
fects the vessel stability, which is directly related to
the safety of navigation. Incorrect arrangement
of containers on the vessel can lead to damage, loss
of cargo, complete loss of stability and sinking of the
vessel, and loss of the crew. Therefore, planning and
proper loading of ships is an important tool to ensure
the safe operation of the vessel [1].

A serious safety issue is the inaccuracy of the cargo
containers weight measuring. Frequently, shippers
estimate the particular consignment weight lower than
the actual weight [2-4]. The reasons for this can be
different. It happens that shippers calculate the size
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of the consignment based on the product data, but do
not take into account the weight of transport packag-
ing, separation materials, pallets and other auxiliary
materials. In addition, the cost of transportation direct-
ly depends on the cargo weight, what encourages ship-
pers to declare a weight lower than the actual weight.

The consequences of the incorrect information re-
ceiving of the container weight may be:

1. Incorrect cargo plan, what may have the follow-
ing consequences:

— insufficient stability of the vessel, leading to large
angles of list or capsizing;

— dangerous bending and torsion loads on the hull,
which may lead to deformation or breakage of the vessel.

2. Difficulty in the handling equipment operation
and the associated risks:

— removal and re-loading of containers (and the as-
sociated delays and costs) if excess weight is detected;

— risk of workers injury during loading and unload-
ing operations.

3. Economic losses:

— disruption of the transport processing schedule
and the entire supply chain of properly declared con-
tainers;

— losses in the accident event.

Container weighing inaccuracies can occur at any
stage of the shipping process from initial loading to
final delivery. Some of the causes of incorrect weight
readings include:

1. Lack of uniform standards regarding the scales
used: their accuracy and operating principle.

2. Human error: the operators who handle the weigh-
ing process may make errors in recording or interpreting
weight data due to carelessness, lack of training, or
a misunderstanding of the correct procedure.
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Below are details of the investigations into the
CMA CGM George Washington (MAIB investiga-
tion), President Eisenhower (NTSB investigation),
MSC Zoe (DHS investigation) and other wrecks.

Materials and methods of the investigation

Overloaded containers or containers with incorrectly
declared weights have historically created problems
for both the carrier and the handling equipment when
such containers handling [5, 6].

According to the World Shipping Council [7], in
2024, an estimated 576 containers were lost at sea out
of approximately 250 million transported. While this
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represents an increase from 221 containers lost at sea
in 2023, it remains well below the 10-year average
of 1 274. In 2022, 661 containers were lost at sea. This
represents less than one thousandth of 1% (0.00048%)
of the roughly 250 million packed and empty contain-
ers currently shipped each year, with cargo transported
valued at more than $7 trillion. Reviewing the results
the WSC estimates that there was on average a total
of 1 566 containers lost at sea each year. The average
losses for the last three years were 2 301 containers per
year. Statistics on the number of damaged and lost
containers for the period 2016-2024 are shown in the
Figure.
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Statistics on the number of damaged and lost containers for the period 2016-2024

This increase of loss is due to factors such as in-
creasing ship sizes, extreme weather conditions and
incorrectly declared cargo weights (resulting in con-
tainer stack collapses). On large container ships the
stack height can reach 26 m. Heavy loads are created
on the lower tiers of containers and fastening systems
in heavy seas conditions [8-10].

Corrosion degradation and operational wear
of fastenings lead to the fact that those containers
whose weight does not exceed the established stand-
ards are often lost in intense rolling conditions. Ex-
ceeding the permissible containers weight initially lays
the foundation for an emergency.

The container ship MOL Comfort accident is ex-
ample of how misdeclared cargo can lead to an incor-
rect cargo plan, which can cause excessive hull de-
formation in rough seas. On 17 June 2013, the MOL
Comfort, carrying 4 382 containers, broke into two
and sank while 200 miles off the coast of Yemen.
Some containers fell into the sea, some sank with the
stern of the ship, and some were destroyed by a fire
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in the bow of the ship, which was still afloat. Evi-
dence was lost along with the lost cargo, but the offi-
cial investigation considered the possibility that
misdeclared cargo contributed to the incident. The
examined sister ships data showed both under- and
overweight containers [6, 7, 11].

Incorrect reported weights can cause a stack to col-
lapse even in calm port conditions. In February 2007,
a stack of containers on the container ship Limari col-
lapsed in the port of Damietta, Egypt, due to excessive
weight. The captain’s incident report to the authorities
noted that excessively heavy containers were loaded
on the upper tiers and the maximum stack weight was
significant exceeded in some rows. The excessive con-
tainers weight placed excessive stress on the lashings.
In addition, excessively uneven weight distribution
and/or exceeding the maximum weight in any stack
will result in excessive stress on the stacking/securing
elements and excessive stress on the containers. The
actual weight of the containers was determined using
devices on the gantry cranes when lifting and moving
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the collapsed containers. The actual weight of the con-
tainers exceeded the declared weight by 362% (row 08),
393% (row 06), 407% (row 04) and 209% (row 02) in
row 52, where the collapse occurred [12].

Let us recall some incidents involving the loss
of con tainers at sea, which received wide resonance in
the press (Table).

Some of the accidents involving the loss of a large number of containers

Date Ship name Accident Number of lost containers
06/02/2024 President Eisenhower Collapse of stacks 23
24/05/2020 APL England Collapse of stacks 50
01/06/2018 Yang Ming Marine Transport Collapse of stacks 81
20/01/2018 CMA CGM G. Washington Collapse of stacks 137
14/02/2014 Svendborg Maersk Collapse of stacks More than 500
Fracture and flooding
17/06/2013 MOL Comfort of half of the hull 4293
11/06/2011 Deneb Capsizing a ship —
18/01/2007 MSC Napoli Collapse of stacks 103
February 2007 Limari Collapse of stacks -
27/01/2007 P&O Nedlloyd Genoa Collapse of stacks 27
Discussion form check weighing during loading. Although check-

In 2014 the International Maritime Organization
(IMO) adopted rules on container weight verification,
which amended Chapter VI of the International Conven-
tion for the Safety of Life at Sea (SOLAS 1974) [11]. It
noted that misdeclaration “represents the most signifi-
cant risk” to container shipping, leading to major losses.
The adopted rules focus on “overweight” containers,
where the declared weight is less than the actual weight.
Containers overloaded beyond their declared capacity
are a problem particularly for 40-foot containers, which
can be overloaded even when carrying moderately
dense cargo. Under the current rules, containers exceed-
ing their declared capacity cannot be loaded on board
a ship (SOLAS 1974: Annex, Regulation VI 5 (5). The
new obligation is to weigh the container or its contents
and declare that weight.

The Verified Gross Mass (VGM) regulation, which
came into force in 2016, was intended to significantly
reduce the risk of incorrectly declared weights in contain-
er shipping, which can lead to stack collapses and dan-
gerous stability issues. A recent incident involving a US-
flagged container ship, where an incorrectly declared
weight resulted in a stack collapse and the loss of 23 con-
tainers, highlighted the potential dangers that still exist
when incorrect weights are entered into booking systems
and containers are not re-weighed before loading.

Shipmasters have primary responsibility for the
safety of the ship, including the cargo. They may also
be responsible for the container weight. However, the
IMO Sub-Committee on Dangerous Goods, Solid Car-
go and Containers considers that it is not practical to
assign shipmasters primary responsibility for container
weight, because they do not have the technical capaci-
ty to check the weight. Furthermore, cargo shipments
are planned and prepared for loading on board ships
well in advance in order to minimise the time the ship
spends at berth. It would be highly inefficient to per-

ing the weight is the responsibility of the shipmaster,
most modern container ships do not have lifting
equipment, so shipmasters must rely on others to fulfil
their general safety responsibilities.

Placing responsibility for the accuracy of container
weight declaration on the shipper does not solve the
problem in the case of deliberate misrepresentation.
This type of misrepresentation can only be detected if
an uninterested party carries out the control.

Ports are obvious points where container weights
can be controlled, because all containers transported by
sea pass through them and container handling is carried
out using shore cranes. However, involving ports in the
container weight control process creates an additional
party in the distribution of responsibility between the
shipper and the ship's master occurred [13]. It also ex-
pand the scope of IMO's interest in ports, since the
shipping contract is concluded between the shipper and
the shipping company, and not between the shipper (or
ship) and the port.

It is obvious that misdeclaration occurs on land
(before loading onto a vessel). The danger of the con-
sequences of misdeclaration for shipping should mean
that all parties must comply with the rules.

Conclusion

The problem of weights misdeclaration is serious,
leading to loss of vessels and cargo. Everyone in-
volved in the container shipping industry understands
that declaring the correct weight of containers im-
proves the safety of container ships, their crews, and
shore personnel involved in handling and shipping
containers occurred [14, 15]. The current IMO weight
control regulations alone are not an absolute protection
against this problem. A “chain of responsibility” ap-
proach, where all parties involved in the shipping pro-
cess contribute, is proposed as a way forward.
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Currently, most specialized container terminals have
automatic weighbridges occurred [16]. If the container
cargo weight is not permissible, the master will refuse
the container, so it is recommended to carefully read the
maximum weight indicated on the container before load-

ing to avoid the need to reload. Recording incidents
of false information about container loading and taking
administrative action against persistent offenders would
go a long way towards solving the problem.
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