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1. INTRODUCTION

The use of shipping containers over the last five decades has radically changed world shipping. The latest figures 
from the World Shipping council report that in 2010 container traffic stood at approximately 110 million shipments, 
which would correspond to a throughput of the order of 380-400 million individual container movements: hundreds of 
millions of opportunities to either defraud customs, introduce illicit cargo, smuggle people, or breach security protocols. 

Containers are now considered as a weak link in the supply chain with the potential to be exploited as a major 
security threat. Within this context, a number of national and international programmes and agreements have been 
drafted to limit the potential of intermodal containers for the transport of weapons ─or illegal substances─ that can be 
used to attack populations or public assets [1]. 

The ideal scenario for container shipping is one that continues to provide a fast, smooth-running, world supply chain 
whilst maximizing security. The combination of the structural manufacturing and design flexibility of advanced 
composites, allied to the wide variety of miniaturized sensor technologies opens up the possibility of developing 
structural components capable of providing more than one functionality in a manner that had, hitherto, not been possible. 
For example, it is possible of including antitamper diagnostics into the structure of the container by exploiting 
nonstructural physical properties of materials; for example, carbon fibre is an excellent conductor and therefore an ideal 
material for an antenna, which, if broken or damaged by malicious intrusion, will change its transmitting reception 
properties. In contrast, glass fibre is transparent to radar so that a panel made from hybrid (glass/carbon fibres) could 
provide a triple function both as a radar-transparent structural component fitted with an antenna [1]. 

2. DESCRIPTION OF THE PROTOTYPE OF THE FRP COMPOSITE SHIPPING CONTAINER

Shipping containers are required to carry noticeable load and are subject to severe forces during their lifetime. When 
containers are stacked in port terminals or on ships, they have to carry the load of several full containers, each capable 
of carrying up to 235 kN. Dynamical forces also occur during transportation due to the sea-faring conditions so that 
ensuring the structural stability of the containers is mandatory in order to avoid collapse and to ensure safety. Standard 
dry shipping containers are manufactured to comply with rigorous design codes such as [2] [3], but if we consider that 
containers are usually made from steel, the adoption of new materials leads to new challenges. The Joint Research 
Centre designed a nearly 100% FRP composite 1CC shipping container, with standard ISO corner blocks [4], glass fibre 
sandwich panels and carbon fibre tubes. 

The container is assembled by bonding preformed sandwich panels onto a frame as seen in Fig. 1(a). The frame is made 
from pultruded carbon fibre tubes which are slotted and bonded onto steel tubes which, in turn are welded to the ISO corner 
blocks. The sandwich panels are made from medium density polyurethane (PUR) core with fibre reinforced composite skins. 
Panels have a wide top-hat cross-section and are dimensioned to fit and slot into the perimeter of the carbon fibre tubes. The 
panel dimensions differ because (a) the container has a non-square width-to-height ratio and (b) the fibre type, lay-up and 
orientation are selected to suit the type of service load specific to each panel (top, floor sides and back). 

The frame, shown in Fig. 1(b), consists of twelve tubular-section pultrusions, comprised of eight short bars of 
approximately 2.5 m length and four bars of approximately 6 m. The container frame consists of 100x100x8 mm 
pultruded carbon fibre tubes. The tube lay–up is given as 0°, ±45° in proportions of 70 and 30 percent respectively, i.e. 
a predominantly 0° unidirectional lay-up for axial stresses and the ±45° fibres for radial confinement. The tubes have 
been cut to length in accordance with the ISO-specified container dimensions so that they press against the inner-facing 
surfaces of the connector blocks. The carbon fibre is a low modulus, high strength stitched mat. The resin system is an 
epoxy system specially formulated for pulling the carbon fibre tubes. The inner tolerances of the tubes are within 1 mm 
to accommodate the steel connectors, but leaving a small gap for the thixotropic adhesive interface. The data from tests 
on the pultruded material can be found in [5]. On the basis of the current lay-up, the axial modulus of the tubes is of the 
order of 110 GPa. The twelve pultruded sections are assembled by inserting a specially adapted standard container end-
block fitted by a three-pronged tubular connection made in steel. Each block is fitted with an 80x80x8 mm tubular steel 
section of 120 mm length. The three end fitting are arranged orthogonally to fit into the hollow pultrusions in the 
vertical, longitudinal and cross-frame directions (Fig. 1(b)). 
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(a) (b) 

Fig. 1: The modular design of the container panels (a); container frame (b). 

Although the pultruded frame is expected to carry the main compressive loads, the container walls and, especially 
the floor are also subjected to considerable forces; for example, we can briefly point out that the floor will be subjected 
to loads of the order of 19 kN/m2. The container walls are made up of modular sandwich panels. The philosophy is the 
same for all, with minor changes for skin and core dimensions and properties. The geometry consists of a flat panel with 
wing extensions adhesively bonded to the frame. The corner formed by the wing extension and the side of the panel is 
meant to fit onto the contiguous corner sides of the corresponding pultrusion beams and columns. The panel will 
therefore slot into place within the perimeter of each panel’s corresponding frame. All but the floor sandwich panels are 
made with a nominal thickness of the glass-fibre skins of 5 mm. For all the panels the core consists of 80 kg/m3 PUR. 
The fibre lay-up of each panel is based on preferential directions based on the certification’s load requirements. In all 
cases the lay-up is balanced symmetric. 

The panels are manufactured using vacuum-assisted resin infusion with the container frames used as a pattern, to try 
to achieve rectified angles and compatible tolerances required to fit each panel within its own frame. For the sides a 
fibre layout of ±45° is the preferred orientation in order to support the shear forces along with a minor amount of fibres 
in 0°/90° to provide some quasi-isotropic balancing. The front panel takes the same fibre lay-out. For the floor panel, 
the main fibre strength is required across the container in the 0° direction to support the major component of the plate 
stresses; to provide some quasi-isotropic properties. Additional transversal stiffeners composed of laminates of 2 layers 
of +/-45º glass fibre were added to the sides of each core. 

3. TEST DESCRIPTION AND RESULTS 

The scope of the test campaign was to verify the suitability of the container to undergo the type of tests required to 
obtain the Convention for Safe Container (CSC) certification. In the first instance it was decided to devise a test 
campaign with a view for a certification process consistent with a standard 8-high stacking and racking loads as well as 
a 117.7 kN payload.(for floor and side panels) 

During the payload tests the container was positioned onto four load cells to acquire the variation of the total vertical 
force during the loading and unloading operations. Four 98.1 kN GS504 load cells were positioned in correspondence of 
the container’s corner blocks. To measure the axial and bending strains on the door-front frame, strain gauges were 
mounted on the pultrusion columns and beams both at mid-span and at the corner sections. In addition to these, it was 
also decided to check the participation of the panel edges closest to the putrusion columns, where strain gauges were 
mounted on the panel at mid-point along the edge between the floor and side panels. To monitor the deflection of the 
panels during loading, the floor or the side panels, potentiometric displacement transducers (Gefran model PZ12-A-025) 
were placed between the floor and the composite sandwich panel. More details about the test instrumentation can be 
found in [5]. 

Floor Payload Test 

A convenient way that simulates the type of load commonly carried by containers is to introduce the payload in the 
form of pallets. For this purpose it was decided to use standard 1m3 tanks mounted on pallets (Fig. 2 right frame). Each 
tank, when fully loaded with water, weighs just over 9.81 kN and the dimensions are such that, given the internal 
dimensions of the container, a total of sixteen containers can be fitted on a grid of four-by-two and stacked two high; 
the total load is therefore just under 166.7 kN. This value although smaller than the 212 kN required by CSC for the 12 
ton certification (i.e. 117.7 kN times 1.8 overload factor) was considered sufficiently high to obtain a good estimate of 
the serviceability performance and the overall strength of the container floor and load transfer to the corner blocks and 
side panels. The manner of loading was such that the water pallets were loaded progressively from the back first and 
from the lowest container first the set-up is that shown in Fig. 2 (left frame) .Whereas the rate of loading is limited by 
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the available water pressure and hoses (about 245 N /min), the discharge is somewhat faster as is flushed directly to the 
drainage system of the laboratory. In addition to the loading and unloading phases, the container was also monitored, 
fully loaded, over a 60-hour period during which it was possible to check for signs of creep and other phenomena. The 
container floor mid-point displacement was 2.5 mm for a total load 166.7 kN (Fig. 2 right). It is expected that the 
displacement for 117.7 x 1.8 kN rating load should not exceed 3mm and will therefore fall well within the limit 
established by CSC certification. Upon unloading the container returned to its original deformation status and had not 
suffered any damage either visually or from the recorded instrumentation signals. More details about the test can be 
found in [5]. 
 

 

 

 

Fig. 2: Container floor loaded by water tanks (left); results of the floor payload test (right). 

Vertical and Diagonal Load Tests 

The verticals load bearing capacity is crucial whenever the container is positioned at the bottom of the stacking. 
Vertical loads can be as high as 848 kN per each corner post for nine high stacking of 24 t rated container. The 
prototype container was provided with a vertical tensioning system that connects the two opposite corner blocks, top 
and bottom, at the doors side. Tensioning loads are applied to the prototype container by means of hydraulic cylinders 
controlled with an oil pump. A vertical load of 250 kN per column was applied and the maximum measured strains 
were less than 600 μϵ in correspondence of the base column. More details about the test can be found in [5]. 

Similarly to the previous test, a diagonal test was performed in order to verify the prototype’s response to shear 
forces. The tensioning setup was places at the doors side (Fig. 3(a)) to induce a horizontal force component to the 
structure. Results are shown in Fig. 3(b). Only the first linear part can be considered valid, since the remaining part is 
affected by the uplifting of the bottom corner block opposite to the one which the hydraulic jack is connected to. 

 

(a) (b) 

Fig. 3: Position of the hydraulic cylinder for the diagonal (racking) test (a); a typical result from a test up to 9.81kN (b). 
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