[bookmark: _GoBack]ANNEX 4
SPECIFIC PACKING AND SECURING CALCULATIONS

1. Resistivity of transverse battens (paragraph 10.2.3.4)
The attainable resistance forces F of one such batten may be estimated by the formula:

[kN]
w = thickness of batten [cm]
h = height of batten [cm]
L = free length of batten [m]
[image: ]
Figure 1: Transverse batten in an ISO box container
This formula presumes a homogeneously distributed load F over the length L of the batten. The battens are assumed to be slightly clamped at their ends. The permissible bending stress of the timber is assumed with 2.4 kN/cm2. This applies to lower quality conifer timber.
Calculated example: A fence of four battens has been arranged. The battens have a free length L = 2.2 m and the cross-section w = 4.5 cm, h = 19 cm. The total attainable resistance force is:

kN
This force of 23.7 kN would be sufficient to restrain a cargo mass of 7.5 t, subjected to accelerations in sea area 3 with longitudinal container stowage and  = 0.4, by the following balance calculation:
0.4  m  g <   m  0.2  g + F 	[kN]
     0.4  7.5  9.81 < 0.4  7.5  0.2  9.81 + 23.7	kN
         29.4 < 5.9 + 23.7	kN
         29.4 < 29.6	kN



2. Beams for bedding a concentrated load in an ISO box-container (paragraph 10.3.1.2)
[Short or narrow cargoes may overload the floor structure. This may be prevented either by using longitudinal support beams underneath the cargo to distribute the load over more transverse flooring beams, or by the use of transverse beams, to distribute the load towards the strong side structures of the container.

[image: Beskrivning: Smal last på längsgående reglar]
Narrow cargo placed on longitudinal support beams.
When longitudinal support beams are used, their minimum length should be calculated in accordance with chapter 2.1 below. The beams should be placed as far apart as possible, near the edge of the cargo.
[image: Beskrivning: Beskrivning: H:\Mapp AH\Load distribution in container 2012-07-30\Smal last på tvärgående reglar.jpg]
Narrow cargo placed on transverse support beams with a length equal to the inner width of the container. 
When transverse support beams are used, their length should equal the inner width of the container.

2.1 Required length of longitudinal support beams ]
[If loaded in a 20' container], the minimum length t of longitudinal beams shall be the greater of the two values of t1 or t2 to be determined as follows:

 [m]  (for supporting the length of the cargo unit)

 [m]	(for satisfying transverse strength requirements)
[If loaded in a 40' or 45' container, the longitudinal strength must be observed as well. The minimum length t of beams shall not be less than the value of t3.

 [m]		(for satisfying longitudinal strength requirements)]
r = bottom length of cargo unit in the container (footprint) [m]
m = mass of cargo unit [t]
P = payload of container [t]
s = spacing distance of beams [m]
t = length of beams [m]
L = inner length of container [m] 	(12.0 m for 40' and 13.7 m for 45') 
fdyn = vertical acceleration factor 
fdyn = 1.0 for road and rail transport
fdyn = 1.5 for sea area A
fdyn = 1.7 for sea area B
fdyn = 1.8 for sea area C
[image: ]
Figure 2: Bedding beams for concentrated loads in an ISO box container
Calculated example: A cargo unit of m = 18 t and a bottom length r = 1.8 m shall be placed into a 20' box container. The beams are placed at a transverse distance s = 1.4 m in the container. The transport route includes sea area 3 with fdyn = 1.8.

 m  

 m 
The observation of the longitudinal strength requires a length of beams t = 2.9 m.
Calculated example: A cargo unit of m = 24 t and a bottom length r = 3.8 m shall be placed into a 40' box container with a payload P = 28 t. The beams are placed at a transverse distance s = 1.2 m in the container. The transport route includes sea area B with fdyn = 1.7.

 m  

 m 

 m 
The observation of the longitudinal strength requires a length of beams t = 9.2 m.

3. Permissible concentrated loads on flatracks (paragraph 10.3.1.4)
If a cargo unit is placed with its entire foot print over the length r on the flatrack or platform, the permissible load m is:

 [t]


Figure 3: Concentrated load on an ISO platform
If the cargo unit is stiff and stowed on transverse beddings that bridge the distance r on the flatrack or platform, the permissible load m is:

 [t]		(Note: m must not exceed P in this formula.)


Figure 4: Concentrated load bridging the distance r
If the cargo unit is stowed on longitudinal beams that expand the bedding distance on the flatrack or platform, the necessary length t of those beams is:

 [m]		(Note: m must not exceed P in this formula.)
[image: ]
Figure 5: Bedding beams under a concentrated load
P = declared payload [t]
m = concentrated load [t]
L = full length of loading floor [m]
r = length of cargo foot print or bridging distance[m]
t = length of bedding beams[m]
fdyn = vertical acceleration factor 
fdyn = 1.0 for road and rail transport
fdyn = 1.5 for sea area A
fdyn = 1.7 for sea area B
fdyn = 1.8 for sea area C
Calculated example: A flatrack of a loading length L = 12 m and a payload of P = 40 t shall be loaded with a cargo unit of m = 28 t and a length r = 3.8 m. The transport route includes sea area B with fdyn = 1.7. The permissible mass of a unit of that length would be:

 t	
This result shows that loading of 28 t is not permissible. If the same unit is placed on two transverse boards of a distance r = 3.6 m, the permissible mass of the cargo unit would be:

 t
If this is not feasible because the cargo unit is not stiff enough to bridge the distance of 3.6 metre, the weight must be placed on longitudinal bedding beams with a length t as follows:

 m

4. Bending strength of beams (paragraph 10.3.1.3)
[4.1 Longitudinal support beams ]
If the cargo unit is flexible, so that it will rest over its entire length on the bedding beams, the required bending strength of beams should be determined by the formula:

	 cm3
[image: ]
Figure 6: Beam for load spreading under a flexible cargo unit
If the cargo unit is rigid, so that it will bridge a distance on the bedding beams, the required bending strength of beams should be determined by the formula:

	 cm3
[image: ]
Figure 6: Beam for load spreading under a rigid cargo unit
W = section modulus of one beam [cm3]
n = number of parallel beams
m = mass of cargo unit [t]
t = length of beam [m]
r = loaded length of beam (footprint) or bridging distance [m]
perm = permissible bending stress in beam [kN/cm2] 
fdyn = vertical acceleration factor 
fdyn = 1.0 for road and rail transport
fdyn = 1.5 for sea area A
fdyn = 1.7 for sea area B
fdyn = 1.8 for sea area C
The permissible bending stress  should be taken as 2.4 kN/cm2 for timber beams and 22 kN/cm2 for steel beams. The section modulus for a single beam should be obtained from supplier's documents. The following tables may serve as a quick reference:
	timber: dimensions [cm]
	10 x 10
	12 x 12
	15 x 15
	20 x 20
	25 x 25

	section modulus [cm3]
	152
	260
	508
	1236
	2450



	steel: dimensions [cm]
	12 x 12
	14 x 14
	16 x 16
	18 x 18
	20 x 20

	section modulus [cm3]
	144
	216
	311
	426
	570


[ The overlap of the beams from the cargo base at each end should not exceed five-times the base height h of timber beams or ten-times the base height h of the steel beams. ]
Calculated example: A flexible cargo unit of m = 18 t and a bottom length r = 1.8 m shall be placed on timber beams of a length t = 3.2 m (see example above) for a sea passage in sea area A with fdyn = 1.5. The overlap on each end is 0.75 m. Therefore the beams should have a minimum base height h = 0.75 / 5 = 0.15 m. The aggregate section modulus of the timber beams is:

 cm3
Four beams of 15 x 15 cm cross-section would be sufficient.
If the cargo unit were rigid so that it can bridge a distance of r = 1.5 metres, the demanded strength of the bedding beams is reduced:

	 cm3
Three beams of 15 x 15 cm cross-section would be sufficient.
[ 4.2 Transverse support beams
The required bending strength of transverse bedding beams should be determined by the following formulae:
	Rigid cargo:	
	Flexible cargo: 	 
	Where: 
	W	=	Section modulus of support beams [cm3]
	n	=	Number of support beams
	m	=	Cargo weight, [ton]
	s	=	Cargo width, [m]
	σperm	=	Allowed stress in support beams, [kN/cm2]
	leffective	=	Contributing length of container floor [m], taken as minimum of 
		Beams spaced more than 0.84 m apart: 	leffective = 
		Beams spaced less than 0.84 m apart: 	leffective = ]

5. Longitudinal position of the centre of gravity of a CTU (paragraph 10.3.1.5)
The longitudinal position of the centre of gravity within the inner length of a loaded container is at the distance d from the left end, obtained by the formula: 


[image: ]
Figure 8: Determination of longitudinal centre of gravity
d = distance of common centre of gravity from left end of stowage area [m]
T = tare mass of CTU [t]
L = length of stowage area (inner length) [m]
mi = mass of individual cargo unit or group of units [t]
di = distance of centre of gravity of mass mi from left end of stowage area [m]
Calculated example: A 20' container with inner length L = 5.9 m and tare mass T = 2.3 t is loaded with five groups of cargo parcels as follows
	
	mi [t]
	di [m]
	mi  di [tm]

	1
	3.5
	0.7
	2.45

	2
	4.2
	1.4
	5.88

	3
	3.7
	3.0
	6.70

	4
	2.2
	3.8
	8.36

	5
	4.9
	5.1
	24.99

	mi = 15.5
	(mi  di) = 48.38



 m

[ 6. Assessment of the load capacity of dunnage bags (paragraph 10.2.3.8)
Dunnage bags are usually delivered with a certified burst pressure given in units of bar = 1 daN/cm2 or 0.01 kN/cm2. This information may be used to assess the equivalent "breaking strength" of a dunnage bag by multiplying the burst pressure with the contact area to one side of the blocking arrangement. This contact area may be taken as (h – 20)  (w – 15) cm2, where h = height and w = width of the dunnage bag.
Calculated example: A dunnage bag of h x w = 1.2 x 0.6 m provides a contact area of (120 – 20)  (60 – 15) = 100 x 45 = 4500 cm2. The certified burst pressure is 2 bar. = 0.02 kN/cm2. The equivalent breaking strength of this dunnage bag is 0.02  4500 = 90 kN. The MSL for single use is 0.75  90 = 67.5 kN, the MSL for multiple use is 0.5  90 = 45 kN. ]
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