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Specific packing and securing calculations
Inspection criteria for freight containers
Practical inclination test for determination of the efficiency of cargo securing arrangements


Cargo securing with dunnage bags
Introduction
I.1.1 Accelerations in different directions during transport may cause movements of cargo, either sliding or tipping. Dunnage bags, or air bags, used as blocking device may be able to prevent these movements.
I.1.2 The size and strength of the dunnage bag are to be adjusted to the cargo weight so that the permissible lashing capacity of the dunnage bag, without risk of breaking it, is larger than the force the cargo needs to be supported with:
FDUNNAGE BAG   ≥ FCARGO
Force on dunnage bag from cargo (FCARGO)
I.1.3 The maximum force, with which rigid cargo may impact a dunnage bag, depends on the cargo’s mass, size and friction against the surface and the dimensioning accelerations according to the formulas below:

	Sliding:
	Tipping:

	FCARGO = m  [ah – static  0.7  av]
	FCARGO = m  [ah – bp/hp  av]

	FCARGO =
	force in ton on the dunnage bag caused by the cargo

	m =
	mass of cargo (t)

	ah =
	Horizontal acceleration, expressed in g, that acts on the cargosideways or in forward or backward directions 

	av =
	Vertical acceleration that acts on the cargo, expressed in g

	 =
	Coefficient of friction for the contact area between the cargo and the surface or between different cargo units

	bp =
	Package width for tipping sideways, or alternatively the length of the cargo for tipping forward or backward

	hp =
	package height



I.1.4 The load on the dunnage bag is determined of the movement (sliding or tipping) and the mode of transport that gives the largest force on the dunnage bag from the cargo. 
It is only the cargo mass that actually impacts the dunnage bag that shall to be used in the above formulas. 
I.1.5 The movement forward, when breaking for example, the mass of the cargo behind the dunnage bag is to be used in the formulas.
I.1.6 If the dunnage bag instead is used to prevent movement sideways, the largest total mass of the cargo that either is on the right or left side of the dunnage bag is to be used, that is, either the mass m1 or m2, see Figure VII.1.
	[image: ]
[bookmark: _Ref335237336]Figure VII.1 : Equal height packages
	[image: ]
[bookmark: _Ref335237535]Figure VII.2 : Unequal height packages




I.1.7 In order to have some safety margin in the calculations, the lowest friction coefficient should be used, either the one between the cargo in the bottom layer and the platform or between the layers of cargo.
I.1.8 If the cargo unit on each side of the dunnage bag has different forms, when tipping the relationship between the cargo width and height of the cargo stack that have the smallest value of b / h is chosen.
I.1.9 However, in both cases the total mass of the cargo that is on the same side of the dunnage bag is to be used, that is, either the mass m1 or m2 (Figure VII.2).
Permissible load on the dunnage bag (FDB)
I.1.10 The force that the dunnage bag is able to take up depends on the area of the dunnage bag which the cargo is resting against and the maximum allowable working pressure. The force of the dunnage bag is calculated from:
	FDB  = A  10  PB / SF

	FDB =
	force that the dunnage bag is able to take up without exceeding the maximum allowable pressure (t)

	PB =
	bursting pressure of the dunnage bag (bar)

	A =
	contact area between the dunnage bag and the cargo (m2)

	SF =
	safety factor


Contact area (A)
I.1.11 The contact area between the dunnage bag and the cargo depends on the size of the bag and the gap that the bag is filling. This area may be approximated by the following formula:
	A  = (bDB -   d/2)  (hDB -   d/2)

	bDB =
	width of dunnage bag (m)

	hDB =
	height of dunnage bag (m)

	A =
	contact area between the dunnage bag and the cargo (m2)

	d =
	gap between packages (m)

	 =
	3.14


Pressure in the dunnage bag
I.1.12 Upon application of the dunnage bag it is filled to a slight overpressure. If this pressure is too low there is a risk that the dunnage bag come loose if the ambient pressure is rising or if the air temperature drops. Inversely, if the filling pressure is too high there is a risk of the dunnage bag to burst or to damage the cargo if the ambient pressure decreases, or if the air temperature rises.
[bookmark: _GoBack]The bursting pressure (PB) of a dunnage bag depends on the quality, size and the gap that the bag is filling. The pressure that the dunnage bag is experiencing as a result of forces acting from the cargo may never come close to bursting pressure as the bag is in danger of bursting and thus a safety factor of 2 against bursting shall be used.
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