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1 Summary 
 

On 20.07.2010 Flexitank “3900829 20690” with Bulkhead have been subjected to rail impact 
tests inside a 20 ft container, serial no. MSKU 740 790-3. The tests have been performed 
according to COA Flexitank Code of Practice: Version 2, dated 1st January 2010, “With 
Proposed Clarifications”, dated 20th May 2010, Part 2 Section A: Flexitank/Container 
Combination Rail Impact Test Criteria, COA Test: Option A. 

The following impact speeds have been attained: 5.0 / 9.7 km/h. 

The Flexitank was leaking after impact speed at 9.7 km/h. 

The maximum recorded wall deformations after each impact with the Flexitank being installed 
amounted up to 32 mm on side wall a, 28 mm on side wall b and 14 mm on end wall. 

The maximum overall recorded wall deformations with the Flexitank being removed amounted 
up to 13 mm on side wall a, 12 mm on side wall b and 1 mm on end wall. 

The maximum overall recorded Bulkhead movement amounted to 62 mm. The Bulkhead 
imposed pressure upon the doors. 

The maximum recorded change in length of the diagonals on side wall corner castings caused 
by all impact tests amounted to 0 mm / 0 mm and 1 mm / 0 mm respectively on the sides of the 
container. 

The permanent deformation on the door amounts to 9 mm. 

2 Assignment 
 

As commissioned by BLT Flexitank Industrial Co., Ltd, (written order dated 03.10.2009) a 
Flexitank system was to be subjected to impact tests inside a standard ISO marine container, 
including the provision of Time-Acceleration curves and SRS curves for any speeds at both 
ends of the container under test. 

The tests were to be performed pursuant to the COA Flexitank Code of Practice: Version 2, 
dated 1st January 2010, “With Proposed Clarifications”, dated 20th May 2010, Part 2 Section 
A: Flexitank/Container Combination Rail Impact Test Criteria, COA Test: Option A. This 
guideline defines the general requirements and conditions applicable for the performance of the 
tests as well as for the surveying of the Flexitank system and the container. 

3 Performing the test 

3.1 General information 
 
Test period 20.07.2010 

Test site Görlitz Test Facility, Germany 

Test bench Impact track no. 4 

Measurement chain and test setup See annex A 

Wagon and container parameters  See annex B 

Static buffer characteristics See annex C, D 

Temperature 18°C, dry weather 

Impact speeds 5.0 / 9.7 km/h 

Inspection agency nonattendant 
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3.2 Flexitank system specification 
 

Flexitank manufacturer BLT Flexitank Industrial Co., Ltd 

Flexitank type 3900829 20690 

Flexitank size 24 m³ 

Flexitank specification multi layer flexitank, 2 inner layer of 350 micron 
Polyethylene and 1 outer layer of 230g/m² woven 
Polypropylene 
3” top and bottom butterfly valves 

Bulkhead type 6 bars 

Bulkhead specification each 50x50x2.5 mm, plastic board behind the 
bulkhead, doorpacker 

additional 2 vertical bars on each inner side walls 
of container (50x50x3.0 mm, length 2370 mm) 

 

3.3 Container specification 
 

Container supply Maersk Line 

Container size 20 ft 

Container serial no. MSKU 740 790-3 

Manufacturing date 03 / 2008 

Side wall thickness 1.6 mm / 2.0 mm 

End wall thickness 2.0 mm 

Nominal tare weight 2,170 kg 

Maximum gross weight 30,480 kg 

Racking test load value 15,240 kg 

 

3.4 Weight measurements 
 

Tare mass test platform 22.2 t 

Mass readily fitted container 2.4 t 

Payload mass (Flexitank content) 24.0 t 

Total test mass container wagon 48.6 t 

Acceleration correction factor 0.96 
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3.5 Test methods and measurement programme 
 

An open freight wagon (wagon type: Eas, total mass: 80 t) is accelerated and shunted by a 
V-22 locomotive. The impact wagon then runs into the specimen to be tested, i.e., an unbraked 
4-axle container wagon (wagon type: Rs) standing freely on a straight track. 

The impacting 4-axle Eas wagon is an impact wagon according to ERRI with reinforced under-
carriage and partitions according to ERRI drawing M0003-0081. The wagon is loaded with 
standard UIC ballast.  

The container-under-test is positioned on the stationary test wagon in such a way that the 
doors face the impact and the door end bottom corner castings are in full contact with the solid 
barriers on the wagon in order to allow direct load transfer. The opposite bottom corner cast-
ings of the container have play in the longitudinal direction, restraining the container only verti-
cally by a horizontal bolt.  

The tests are performed at impact speeds at 5, 9.5 and 9.5 km/h (± 0.5 km/h) towards the con-
tainer doors. Afterwards the container-under-test will be arrested at its end wall bottom corner 
castings and an impact at 9.5 km/h (± 0.5 km/h) will be performed towards the container end 
wall. For any impact speed, a Shock Response Spectrum analysis will be carried out. Evalua-
tion includes the accelerations occurring 0.05 sec before and 2 sec after the impact at a 5-per 
cent damping and within a natural frequency range from 2 to 100 Hz. 

The PCB 350B04 accelerometers (± 500 g) are attached to base blocks fixed to the lower cor-
ner fittings of the container-under-test in longitudinal direction toward the impacting end by Pat-
tex Stabilit (a two-component methylacrylic adhesive). The accelerometer signals are filtered by 
an analogue low-pass filter for anti-aliasing (Low-pass 200 Hz Butterworth). The measuring 
frequency for the accelerations (to be captured unfiltered) is 10 kHz. 

The impact speed is measured immediately before the impact. 

After each test the Flexitank will be checked for leakage. Furthermore the change-in-shape of 
the doors, container side walls and end wall will be measured at equally spaced locations as 
per the Code of Practice as well as the movement of the bulkhead towards the doors. In 
addition the diagonals of the container side wall corner castings will be measured before and 
after testing. 

 

  

Figure 1:  Container barriers and acceleration sensors / view on Flexitank 

 

acceleration sensor 
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4 Results 
 

4.1 Overview 
 

All mentioned values below are to be seen in reference to the first measurement (prior to 
filling). 

 

Status Leakage Maximum recorded wall deformation Bulkhead imposing 
pressure upon 
doors Side wall a Side wall b End wall 

After filling 
(acceptance 
criteria) 

no 
(no) 

32 mm 
(40 mm) 

28 mm 
(40 mm) 

14 mm 
(40 mm) 

yes 
(no) 

Impact towards container door end 

After impact at 
5.0 km/h 
(acceptance 
criteria) 

no 
(no) 

28 mm 
(40 mm) 

25 mm 
(40 mm) 

14 mm 
(40 mm) 

yes 
(no) 

After impact at 
9.7 km/h 
(acceptance 
criteria) 

yes 
(no) 

22 mm 
(40 mm) 

19 mm 
(40 mm) 

4 mm 
(40 mm) 

yes 
(no) 

After 3rd im-
pact 

 No impact performed.  

Impact towards container end wall 

After impact 
reverse 

 No impact performed.  

Overall testing 
(acceptance 
criteria) 

yes 
(no) 

13 mm 
(8 mm) 

12 mm 
(8 mm) 

1 mm 
(7 mm) 

yes 
(no) 

Table 1: Test result overview 
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4.2 Container wall deformation 

 

Figure 2:  Wall deformation after filling 

 

Figure 3:  Wall deformation after impact at 5.0 km/h towards container door end 
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Figure 4:  Wall deformation after impact at 9.7 km/h towards container door end 

 

Figure 5:  Total wall deformation (after discharge) 



page 11 of 21 
 

Date: 11.08.2010 717502789   Rail Impact Test / COA Recommended Code of Practice TÜV SÜD Rail GmbH 
Issue: A Author: DaZi Testcenter Rolling Stock   
 

4.3 Bulkhead movement 
 

All mentioned values below are to be seen in reference to the first measurement (prior to 
filling). 

 
 

Figure 6:  Bulkhead movement 

 

Bar 
no. 

After filling After impact towards container door end at After impact towards 
container end wall 

5.0 km/h 9.7 km/h 3rd impact 

6 8 mm 16 mm No measur-
ments taken. 
(too much 
pressure on 
the doors) 

No impact 
performed. 

No impact performed. 

5 34 mm 62 mm 

4 35 mm 62 mm 

3 38 mm 59 mm 

2 37 mm 53 mm 

1 0 mm 3 mm 

Bulkhead imposing pressure upon doors 

 yes yes yes   

Table 2: Bulkhead movement 

 



page 12 of 21 
 

TÜV SÜD Rail GmbH Rail Impact Test / COA Recommended Code of Practice 717502789 Date: 11.08.2010 
Testcenter Rolling Stock Author: DaZi Issue: A 
 

4.4 Diagonals of container side wall corner castings 
 

The change in length of the diagonals on side a, measured before and after testing, amounted 
to 0 mm (∆D3a) and 0 mm (∆D4a). 

The change in length of the diagonals on side b, measured before and after testing, amounted 
to 1 mm (∆D3b) and 0 mm (∆D4b). 

 

  

Figure 7:  Distance between marks on the diagonally opposite corner castings  

 

4.5 Time-Acceleration curves and Shock Response Spectrum 
 

  

Figure 8:  Time-Acceleration curve and SRS for impact at 5.0 km/h towards container door end 
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Figure 9:  Time-Acceleration curve and SRS for impact at 9.7 km/h towards container door end 
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A Measurement chain and test setup 
 

 

Figure 10:  Measurement chain for rail impact test 

 

Measurement frequency: 10 kHz 

Filtering the accelerations: Low-pass 200 Hz Butterworth 

 

 

Figure 11:  Allocation of measurement points 

   

Figure 12:  MSKU 740 790-3 container for testing 

a-side b-side 

a1 a2 
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B Impact wagon and container wagon parameters 
 

Wagon parameter Stationary Wagon Impacting Wagon 

Wagon type Rs Eas (impact wagon according to 
ERRI) 

Wagon number 21 14 

Length over buffers 20.220 m 14.040 m 

Empty weight 22.2 t 21.9 t 

Total weight 48.6 t 80.0 t 

Cargo Container MSKU 740 790-3 Standard UIC ballast 

Buffers 
Class A buffers (ring spring) 
No. 101 and 102 (door end) 
No. 105 and 108 (end wall) 

Class A buffers (ring spring) 
No. 144 and 147 (door end) 
No. 156 and 157 (end wall) 

 

 

Figure 13:  Impact wagon according to ERRI, no. 14 (80 t) loaded with standard UIC 
ballast 

  

Figure 14:  Container MSKU 740 790-3 on Rs type container wagon 
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C Static buffer characteristics (door end impact) 

 

Figure 15:  Static characteristics of used buffers 

 

Static parameters 
Buffers on the stationary wagon Buffers on the impacting wagon 

No. 101 No. 102 No. 144 No. 147 

Maximum force [kN] 605 610 660 610 

Stroke [mm] 102.3 102.4 101.0 101.1 

Preload force [kN] 28 19 14 22 

Energy absorption [kJ] 32.8 32.4 34.0 32.0 

Energy dissipation [kJ] 22.1 22.7 26.4 22.3 

Damping [%] 67 70 78 70 

Test conditions  

Date 09.07.2008 20.03.2008 

Ambient temperature 22 °C 5 °C 

Stroke velocity 100 mm/min 

Load 1 
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D Static buffer characteristics (end wall impact) 

 

Figure 16:  Static characteristics of used buffers 

 

Static parameters 
Buffers on the stationary wagon Buffers on the impacting wagon 

No. 105 No. 108 No. 156 No. 157 

Maximum force [kN] 610 610 620 605 

Stroke [mm] 103.4 103.3 103.5 103.3 

Preload force [kN] 15 15 20 22 

Energy absorption [kJ] 32.8 32.5 32.9 32.4 

Energy dissipation [kJ] 23.1 22.7 22.6 21.4 

Damping [%] 70 70 69 66 

Test conditions  

Date 09.07.2008 10.07.2008 

Ambient temperature 22 °C 15 °C 

Stroke velocity 100 mm/min 

Load 1 

Remarks slight chatter marks  
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E Test facility approval for railway specific test 
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