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Load distribution guidance
Objectives and conditions
I.1.1 This annex applies to all trucks, trailers (full trailers and close-coupled trailers), tractor-trailer rigs (semi-trailers) and also to special vehicles and is intended for the use of shippers, drivers and vehicle owners. Their areas of responsibility derive from the statutory provisions of national road traffic and industrial safety legislation and also from the corresponding legislation and regulations.
I.1.2 A load distribution plan is the basis for placing load in a CTU so that, when transported on the road, individual axles are neither under or over loaded. For a single vehicle, the load distribution plan will only need to be drawn once and will depend on its maximum total weight and the minimum/maximum axle loads. Recalculation of the load distribution plan will need to be carried out if any characteristics of the vehicle are changed, such as a body change for example. Any machinery mounted on the vehicle (vehicle mounted cranes, forklifts) and vertical loads from trailers also need to be considered in a load distribution plan.
I.1.3 While it may appear that this section refers only to road vehicles, it also applies to containers carried on road vehicles so ensuring that the cargo’s centre of gravity within the container is correctly positioned relative to the axles is essential.
I.1.4 When loading trucks and trailers, care should be taken to avoid exceeding the permitted axle loads or failing to reach the minimum steering-axle load or minimum drive-axle load if safety on the road is not to be impaired while transporting goods. Roadway overloading, caused by exceeding the permitted axle loads, is also to be avoided. Assistance in complying with permitted axle loads and minimum axle loads is provided by the load distribution plan, from which the required information can be obtained.
I.1.5 Trucks that are equipped with a trailer coupling device must be treated according to their usual operating conditions. Vertical coupling loads may be considered as load (in cases where a trailer is not usually drawn) or as part of the vehicle weight (if the truck is usually used with a trailer).
Preparation of the load distribution plan
I.1.6 The preparation of a load distribution plan is described taking a two-axle truck as an example. It is absolutely essential that the following boundary conditions are taken into consideration when working out the load distribution plan:
I.1.6.1 The permissible front-axle load must not be exceeded.
I.1.6.2 The permissible rear-axle load must not be exceeded.
I.1.6.3 The vehicle load capacity must not be exceeded.
I.1.6.4 The minimum steering-axle load must be observed.
I.1.6.5 The minimum drive-axle load must be observed. 
I.1.7 Conditions a to d are boundary conditions which are required by road traffic regulations. The minimum steering-axle load must be observed in order to maintain the manoeuvrability of the vehicle.
The data required for working out a load distribution plan can be collected with the aid of the data sheet. The data are obtained from information on the vehicle registration document and by measuring, weighing and calculations. Proper linking of the data to the load distribution plan and the vehicle itself will require the registration number to be listed. If the vehicle does not actually have a registration number the vehicle identification number (VIN) can be used instead. Since the vehicle data required for working out a load distribution plan can vary a great deal depending on the type of vehicle, a data collection sheet covering all vehicle types would be confusingly complex. For this reason each vehicle types should be treated separately. It should be noted that a change in the vehicle body may mean that the load distribution plan needs to be recalculated.
I.1.8 With multi-axle configurations the resulting wheelbase should be taken into consideration in the case of different axle or wheel pressures


I.1.9 To derive the equilibria of moments the following values must be obtained:
	[image: ]
Figure XVIII.1 Masses and axle loads



	Symbol 
	Term
	Unit

	mF
	mass of unladen vehicle
	t

	mFx
	mass of unladen vehicle at point “x”
	t

	mLx,y
	mass of payload
	t

	FAunladen
	front-axle load of unladen vehicle
	t

	FAladen
	front-axle load of fully-laden vehicle
	t

	RAunladen
	rear-axle load of unladen vehicle
	t

	RAladen
	rear-axle load of fully-laden vehicle
	t

	W
	wheelbase
	m

	S
	distance between front axle and front of cargo bed
	m

	l1
	centre of gravity of unladen vehicle
	m

	Sp
	track width
	m

	SLx
	assured steerability, minimum steering-axle load
	%

	SLy
	assured steerability, minimum wheel load
	%

	ST
	assured traction, minimum drive-axle load
	%

	x
	control variable from front end of cargo bed
	m

	y
	control variable from start of mid-line of tyre footprint (transversely to vehicle longitudinal axis)
	m


Figure XVIII.2 Symbols, forces and dimensions
Note: For the sake of simplicity, force is set equal to mass here. In physical terms “load” and “weight” are inertial forces. Since gravitational acceleration forces are static forces they can be omitted for the sake of simplicity.
Using the load distribution plan
I.1.10 Before the vehicle is loaded and a loading plan is developed, the weight/dimensions and the horizontal location of the centre of gravity for each piece of load carried must be determined.
I.1.11 A virtual loading plan may then be drawn. The horizontal location of the whole load has to be calculated, for example by calculating a torque balance around the foremost point of the load panel (or any other point of reference if more convenient).
I.1.12 As described hereafter, the load distribution plan will determine whether the vehicle has sufficient capacity to carry the total weight of the load at the calculated centre of gravity.


Developing a load distribution plan.
I.1.13 Vehicle centre of gravity
Once the wheelbase or the technical wheelbase (in the case of multi-axle units) has been determined, the next step is to identify the centre of gravity of the unladen vehicle. The vehicle’s centre of gravity is calculated by the principle of angular momentum:
	
RAunladen ∙ W

mF
l1 = 

Equation XVIII‑1


I.1.14 Determining the curves
I.1.14.1 Front curve
When calculating the course of the front curve “a” it is assumed that the sum of all moments about the rear axle is equal to zero. 
	RAunladen ∙ W – mF ∙ (W – l1)

W – S - x
mLx = 


Equation XVIII‑2


Curve “a” is limited by the maximum permissible front-axle load (Figure XVIII.3). The figure for the maximum permissible front-axle load is supplied by the vehicle manufacturer.
	[image: ]
[bookmark: _Ref336295032][bookmark: _Ref336295041]Figure XVIII.3 - Curve "a"


x is a running coordinate, beginning at the headboard and finishing at its intersection with the connecting line “c” (maximum permissible payload).
my describes the course of the curve taking into consideration the maximum load to be applied at this position with due regard to the centre of gravity of the total cargo.


I.1.14.2 Rear curve
When calculating the course of the rear curve “b” it is assumed that the sum of all moments about the front axle is equal to 0. 
	Equation XVIII‑3

RAladen ∙ W – mF ∙ l1)

S + x
mLx = 



Curve “b” is limited by the maximum permissible rear-axle load (Figure XVIII.4).
	[image: ]
[bookmark: _Ref336296009]Figure XVIII.4 - Curves "a" & "b"


I.1.14.3 Connection between the front and rear curves
Both of the preceding calculations are implemented up to the curve maximum. This is limited by the maximum permissible vehicle payload. The connecting line “c” connects curves “a” and “b” at the height of the maximum permissible vehicle payload (Figure XVIII.5).
	[image: ]
[bookmark: _Ref336296340]Figure XVIII.5 - Curves "a" to "c"





I.1.14.4 Curve for minimum steering-axle load
Depending on the type of vehicle, between 20 % and 35 % of the vehicle’s momentary weight must be applied when calculating curve “d” – which is used for ensuring compliance with the minimum steering-axle load (Figure 10). A corresponding assessment of the individual vehicles as regards the relative percentages for the minimum steering-axle load (axle loads) and the vehicle’s momentary weight must be obtained from the vehicle manufacturer.
	Equation XVIII‑4

mF ∙ (W - l1 - SLx ∙ W )

(SLx ∙ W  + S + x – W)
mLx = 
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Figure XVIII.6 - Curves "a" to "d"


I.1.14.5 Curve for minimum rear-axle load
The minimum axle load, rear-axle load or drive-axle load amounts to 20 % to 25 % of the vehicle's momentary weight. The curve starts at the front cargo space delimiter and as it progresses intersects curve “a” (Figure 11).
The minimum axle load and here in particular the minimum drive-axle load are used for the truck’s traction.
	
mF ∙ (ST ∙ W - l1)

(S + x – ST ∙ W)
mLx = 
Equation XVIII‑5
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Figure XVIII.7 - Curves "a" to "d"



Example
I.1.15 A heavy cargo with a total mass of 8.5 t needs to be loaded on a truck with a total capacity of 9.2 t. The centre of gravity of the cargo is so far unknown and has to be calculated first. The mass and position of the three parts of the cargo, intended to be loaded on the truck, are known as well as the centre of gravity of all three parts.
I.1.16 The distance from the headboard to the cargoes centre of gravity is shown as x and the yblue arrow represents the total mass of the cargo located at its centre of gravity. If the cargo is placed on the vehicle as shown, the graph of the load distribution plan shows that the vehicle is overloaded - although the mass of the load (8.5 t) is below the total capacity of the vehicle (9.2 t), the maximum front axle load is exceeded, since the blue arrow crosses curve “a” of the graph.
	[image: ]
Figure XVIII.8 - Incorrectly packed
	[image: ]
Figure XVIII.9 - Incorrectly packed


The cargo could be shifted to the rear of the vehicle, but two other problems will occur:
The cargo overhangs the rear of the vehicle.
The cargo can’t be correctly secured because of the gap between the headboard and the load.
If the cargo is turned around 180° the centre of gravity of the packages is too far to the rear thus reducing manoeuvrability.Figure XVIII.10 : Revised loading plan



I.1.17 In the case of container transportation the load distribution within the container and on the carrier vehicle should be observed. An off-centre positioning in the container of 60 % to 40 % is permissible.
When the semi-trailer is loaded this permissible off-centre positioning in the container can result in an impermissible load distribution on the carrier vehicle. Even when the centre of gravity is positioned centrally in the container an impermissible loading on the semi-trailer can still occur (Figure XVIII.11).
	[image: ]
[bookmark: _Ref336301469]Figure XVIII.11 - Single 20' container on semi-trailer


[bookmark: _GoBack]Moving the container forwards approximately 2 m would bring the centre of gravity within the area enclosed by the curves “a” to “d”.
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