
There can be little argument that the 
international cargo handling industry 
stands on the verge of one of the most 
significant changes since the advent of 
containerisation. Until now, cargoes have 
been shipped based on the container 
weights declared on the advance booking 
information provided by shippers. Vessel 
stowage plans and port operations are 
typically based on these pre-declared 
weights which can vary significantly from 
the actual mass of the cargo transported. 
The consequent risk to the health and 
safety of seafarers and port operatives is 
clearly apparent.

An imperative for change
As a result, the need for a robust system 

of checking and verifying the weight of 
each container throughout its transit from 
shipper to receiver is now demanded by 
public and political opinion, and is almost 
universally accepted by the industry 
too. This consensus is extremely timely 
as recent technological developments 
mean that the accuracy and robustness 
of potential weight verification solutions 
is far better now than was previously 
the case. There are also very significant 
opportunities for the integration and 
automation of port, terminal and vessel 
stowage operations that may be facilitated 
through the implementation of container 
weight verification technology. The key 
outstanding questions however, are 
how to establish robust and meaningful 

regulation and which technologies to 
implement in each port. 
In order to inform discussion on both 
these questions, Strainstall published 
a white paper entitled: ‘Taking the load 
off: technology options, costs and 
opportunities for the implementation 
of container weight verification’. This 
paper, which was launched at a meeting 
in London of the International Cargo 
Handl ing Coordinat ion Associat ion 
(ICHCA), is intended as an objective 
assessment of the opportunities and 
requ i rements of  conta iner  weight 
verification implementation. It is now freely 
available to the global shipping industry 
and it is hoped, will add valuable insights 
to the ongoing debate on this subject. 
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Varying container weights are a risk to the health and safety of both seafarers and port operatives.
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Why regulation must be technology-neutral
The concept of technology neutrality is a widely accepted principle 
of effective regulation. while there remains much debate on 
particular technologies and their respective benefits, it is crucial 
that regulators avoid the temptation to ‘pick winners’. Instead, 
regulation should be expressed in a manner that specifies the 
outcomes required, such as measurement accuracy, repeatability, 
speed and acceptable calibration methods etc. as opposed to 
prescribing the precise means of achieving these objectives. 
There are three key reasons why this is fundamentally 
important. Firstly, container weight verification technology is at 
a comparatively early stage of development, with many different 
systems offering complementary cost, benefit and return on 
investment profiles in different usage contexts. In short, it 
appears that there is no single ‘silver bullet’ technology that will 
be appropriate to every port and every cargo type. Secondly, 
regulating in a technology neutral manner will enable and 
facilitate future innovation by the load measurement industry as 
manufacturers will be free to develop new technological solutions 
that meet regulatory compliance while offering additional benefits 
of reduced cost or additional functionality. Finally, such an 
approach will enable port operators to select weight verification 
technology solutions that achieve regulatory compliance while 
also opening the way for the development of fundamentally new 
services and exploitation of process automation and integration 
opportunities beyond the immediate scope of weight verification.

Skills and investment considerations
The precise mix of existing capital equipment and operating 
processes is likely to be one of the primary considerations for 
port and terminal operators in achieving future container weight 
verification compliance. There is little chance of wholesale 
reinvestment in cargo handling equipment, so the compatibility of 
any technology solution with existing lifting equipment will be crucial. 
A further key issue is that of operator skills requirements, with 
many current mechanical handling roles being either low 
or semi-skilled. whether the implementation of container 
weight verification influences the skills required of lifting 
equipment operators will depend heavily on the precise mode 
of implementation. Indeed, if smart port management systems 
are implemented in tandem with container weight verification, 
the change may be completely transparent and may not affect 
manual job functions.

Where to weigh?
weighbridges located at the port gate are easy to implement, 
but present significant challenges in establishing the true tare 
weight of the vehicle and in differentiating the weights of multiple 
container loads. These indirect measurement systems might 
however find favour with shippers, allowing them to ensure that 
their declared weights are within tolerance prior to shipment to 
the port, thus avoiding the cost and disruption of mis-declaration 
penalties. within the port, reach stackers and fork-lift trucks 
provide a relatively low cost path for indirect weight measurement 
to be integrated into vehicle systems e.g. inferred from hydraulic 
pressure. However, this is likely to be of lower accuracy than 
direct measurement systems and it is questionable whether it 
would deliver full compliance with any genuinely robust regulation. 
Rubber-tyred gantry cranes and straddle carriers provide a good 
opportunity for the implementation of direct weight measurement 
of individual containers within the port environment but before 
final vessel loading operations. Such systems may offer a highly 
flexible solution with minimal disruption to existing port operations 
and container logistics. 
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The ship-to-shore crane is a highly 
desirable location for weight verification, 
being the final point of departure and 
the first point of entry for imported 
c o n t a i n e r s .  H o w e v e r,  p r a c t i c a l 
operational constraints will require that 
this process is one of confirmation for 
outgoing containers, as weights will need 
to have been verified at an earlier stage 
in port operations to avoid any disruption 
to loading and stowage planning. For 
incoming containers however, the ship-
to-shore crane is an ideal location for 

weight measurement, as any overweight 
container on an incoming ship is a 
problem that requires careful attention. 
In extreme circumstances it may be 
the case that a decision is made that 
a container cannot be unloaded safely, 
while in other more marginal cases it may 
be unloaded and segregated for handling 
as a non-compliant load (subject to 
appropriate additional processing fees). 
The aim of container weight verification 
is that an overweight container is never 
loaded onto a vessel in the first place; 

the ship-to-shore crane is thus ultimately 
the ideal location for ensuring future 
regulatory compliance.

Technology options for direct 
measurement
There are  two commonly  app l ied 
categor ies of  d i rect  measurement 
technolog ies for  conta iner  weight 
verification. Strain gauge technology 
is used almost universally in weighing 
applications ranging from load cells 
and pins through to twist-lock based 

Figure 1: Summary of technical characteristics, strengths and weaknesses, accuracy and cost of strain gauge and fibre optic measurement 
technologies that are capable of integration with most container lifting equipment types.

Technical escription Strengths and weaknesses Nominal 
accuracy

Relative cost of 
implementation

Load cells and pins 
integrated at single 
point within lifting 
equipment

Strain gauges integrated 
into key load bearing 
components of the lifting 
equipment.

Simple to implement and 
extremely robust. Particularly 
effective for overload protection. 
Unable to distinguish individual 
containers on multiple lifts.

 90 - 95% Extremely cost-
effective solution where 
additional accuracy and 
resolution of CoG is 
not required.

Strain gauged twist-
locks

Strain gauges integrated 
into each of the spreader 
twist-locks (four for each 
container lifted).

Extremely robust but requires 
at least four sensors. Allows 
calculation of container CoG. 

99 - 99.5% Medium: life of strain 
gauges is limited to that 
of each twist-lock.

Fibre-optic systems 
incorporated into 
twist-locks

Fibre optics sensors 
integrated into each of the 
spreader twist-locks (four 
for each container lifted).

Requires at least four sensors. 
Allows calculation of container 
CoG. Potentially less robust 
and higher cost than strain 
gauged twist-locks.

99 - 99.5% Medium-high: life 
of fibre-optic sensors 
limited to that of each 
twist-lock.

Strain gauged twist-
lock collars

Strain gauges integrated 
into the collar of each of 
the twist-locks (four for 
each container lifted).

Extremely robust and cost 
effective. Allows calculation of 
container CoG.

99 - 99.5% Low-medium: extended 
life of strain gauges as 
not directly integrated 
with consumable parts.

Strainstall's CwMS provides data on load at each twist lock location as well as overall mass.
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systems. The alternative fibre optic systems, tend to be 
used primarily on twist locks. given good quality design, the 
accuracy of both measurement technologies is broadly similar. 
The accuracy, technical, and other characteristics of various 
technology options for direct measurement solutions are 
summarised in Figure 1.

Key considerations for implementation by ports
one of the key recommendations for the implementation of 
container weight verification technology must be that container 
weight should be measured as close as possible to the point 
of lifting; the twist-locks. In addition to enabling the precise 
verification of individual container weights, it will also enable 
automatic estimation of centre of gravity; something that 
will be extremely useful in improving the safety of stacking 
operations. In addition to ensuring that robust solutions are 
adopted, commensurate with the harsh environment of port 
operations, it is also recommended that those implementing 
solutions seek wherever possible to replicate or integrate 
with existing standard parts of the lifting system to which it 
is applied. Due consideration of the replacement cycles of 
equipment must be taken however, and this is an important 
reason for Strainstall’s recent focus on the development of 
instrumented twist lock collars which have a service life well in 
excess of the twist lock. 
In summary, within the context of genuinely technology-neutral 
regulation, implementation of container weight verification based 
on the approaches described in this article, and explained in 
greater detail in the recently published white paper, will not 
only provide a potentially much safer and more environmentally 
sustainable future for the shipping industry, but it will also act as 
a key enabler for a much higher level of process integration and 
automation.
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