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Vanwege milieuaspecten wordt LNG in toenemende mate gebruikt als brandstof 

voor trucks, binnenvaartschepen, coasters en veerboten. Daardoor neemt de 

overslag van LNG in bewoonde gebieden toe. De huidige externe 

veiligheidsafstanden beperken de marktontwikkeling van LNG als brandstof. De 

onderliggende rekenmodellen waarop de veiligheidsafstanden gebaseerd zijn, 

hanteren faal-scenario’s met daaraan gekoppeld kansen van optreden. Voor de 

overslag van LNG bepaalt het scenario dat een slang barst in grote mate de 

veiligheidsafstand. 

 

Het project “Proving leak before burst for small scale LNG transfer hoses” heeft tot 

doel aan te tonen dat de aanname dat het scenario dat een vulslang barst of 

afbreekt te conservatief is en dat veel lagere hoeveelheden LNG of NG bij 

incidenten zullen vrijkomen dan nu aangenomen. Gehoopt wordt dat de autoriteiten 

deze informatie kunnen gebruiken in hun QRA-berekeningsprocedures om kleinere 

veiligheidsafstanden te motiveren. Dit document rapporteert de eerste fase van het 

project dat tot doel heeft aan te tonen dat er relevante faalscenario’s zijn voor op 

slangen gebaseerde overslag-systemen die wellicht leiden tot lekkage maar niet tot 

slangbreuk. Nadat dit is aangetoond, is de intentie om in een tweede fase van het 

project “lek voor breuk” verder te onderbouwen. 

 

Het project is uitgevoerd voor het LNG Safety Platform waarin vertegenwoordigers 

van de ‘small scale LNG supply chain’ zitting hebben. De Technical Evaluation 

Commission (TEC), die opereert onder dit Platform, is voor TNO het aanspreekpunt 

voor de projectuitvoering. Uit het midden van de TEC is een adhoc slangen-

werkgroep gevormd die het project begeleidt. In overleg met de slangenwerkgroep 

is de projectscope gedetailleerd. De uitvoering van het project is ondersteund door 

de slangenleveranciers Gutteling B.V, BOA, Witzenmann en Imbema-Cleton, door 

middel van het gratis leveren van slangen voor de testen. 

  

Het eerste scenario dat gekozen is, is een slang die tijdens het overslaan van LNG 

geheel wordt samengeperst door een object uit de omgeving. Als uitwerking hiervan 

is in de test een vol belast trailerwiel enkele malen over een met vloeibaar stikstof 

gevulde slang gereden. De meeste geteste slangen lekten in het geheel niet en één 

type slang slechts een beetje. Als tweede scenario is onderzocht of een composiet-

slang, nadat de slang is gaan lekken door vermoeiing, vervolgens zou kunnen 

barsten. De barstdruk bleek vele malen hoger te liggen dan de maximale werkdruk. 

Voor beide scenario’s is aangetoond dat “lek voor breuk” de verwachtte respons 

van de slang is. Gebaseerd op deze positieve resultaten is de scope voor de 2
e
 

fase van het project gedefinieerd. 
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 Summary 

 

LNG will increasingly be used as a fuel for trucks and vessels, which will require 

storage and transfer of LNG in urban areas. The safety distances to be applied for 

LNG fuelling- and bunker operations are for an important part determined by gross 

failure (rupture) of transfer hoses or loading arms. These distances are limiting the 

deployment of the small scale LNG distribution system. This project aims to prove 

that, for small scale LNG transfer systems, the full bore rupture scenario is much 

too conservative for existing technology and that much less LNG outflow can be 

substantiated. It is hoped that authorities, based on the project results, can update 

their QRA calculation procedures with certain leak scenarios. The expectation is 

that it results in a reduced perceived risk. The document reports the first phase of 

the project that aims to demonstrate that there are credible incident scenarios that 

for hose based transfer systems may result in leakage but not in full bore rupture. 

When this is proven and the authorities are capable to include that evidence into 

their calculation procedures, further substantiation will be provided in a second 

phase of the project.  

 

The project is executed for LNG Safety Platform which comprises of stakeholders in 

the small scale LNG supply chain. A Technical Evaluation Commission (TEC) that 

operates under this Platform, is the point of contact for TNO with respect to the 

project. An ad hoc hose working group of TEC-members is formed that is tasked to 

closely guide and monitor the project. The scope of the first phase is detailed in 

consult with the hose working group. The execution of the test is supported by the 

hose suppliers Gutteling B.V, BOA, Witzenmann and Imbema-Cleton by providing 

hose samples in-kind. 

  

The selected incident scenario is that a hose is crushed by an object during transfer 

of LNG. The test was materialized by running a tire of a loaded trailer several times 

over composite and metal corrugated hoses while being pressurized with liquid 

nitrogen. The majority of hoses tested did not leak at all and those that started to 

leak released a very small amount of gas only. The second scenario relates to 

degradation of a hose in service due to fatigue, which cannot be avoided. A 2” 

composite hose was fatigue loaded until gas leakage was observed. The 

subsequent burst test showed that the remaining pressure capacity of that hose 

was way beyond normal operating pressures. For both scenarios and limited to the 

hoses tested, it is successfully demonstrated that “leak for burst” is the expected 

response of a hose. Based on these positive results, the scope for phase 2 is 

presented.  
 

 



 

COMMERCIEEL ONGERUBRICEERD 

COMMERCIEEL ONGERUBRICEERD | TNO report | TNO 2015 R 10689  4 / 71  

 Contents 

Managementuittreksel ............................................................................................. 2 

Summary .................................................................................................................. 3 

1 Abbreviations ........................................................................................................... 6 

2 Introduction .............................................................................................................. 7 

3 Project definition ..................................................................................................... 8 
3.1 Aim ............................................................................................................................. 8 
3.2 Scope ......................................................................................................................... 8 
3.3 Approach ................................................................................................................... 8 
3.4 Research questions for Project phase 1 and 2 ......................................................... 8 
3.5 Phase 1  workpackage description ............................................................................ 9 

4 Project execution process .................................................................................... 10 
4.1 Ad hoc working group transfer hoses ...................................................................... 10 
4.2 Scope modifications Phase 1 .................................................................................. 10 

5 Pre-study and literature study .............................................................................. 11 
5.1 Pre study on scenarios to be considered ................................................................ 11 
5.2 Literature study ........................................................................................................ 11 

6 Composite and metal hose response to crush loads ........................................ 12 
6.1 Crush test procedure ............................................................................................... 13 
6.2 Leak test procedure ................................................................................................. 15 
6.3 Burst test procedure ................................................................................................ 17 
6.4 Damage investigation procedure ............................................................................. 17 
6.5 Truck specification ................................................................................................... 19 
6.6 Crush test results ..................................................................................................... 21 

7 Composite hose response to fatigue degradation ............................................. 51 
7.1 Description of test .................................................................................................... 51 
7.2 Details of the fatigue test ......................................................................................... 51 
7.3 Test results .............................................................................................................. 52 

8 Discussion of test results ..................................................................................... 55 
8.1 Composite and metal hose response to crush loads .............................................. 55 
8.2 Composite hose response to fatigue degradation ................................................... 59 

9 Conclusion ............................................................................................................. 62 

10 Recommendations for phase 2 ............................................................................ 63 
10.1 Scenarios to be considered ..................................................................................... 63 
10.2 Experimental program ............................................................................................. 64 
10.3 Recommendations ................................................................................................... 67 

11 References ............................................................................................................. 68 



 

COMMERCIEEL ONGERUBRICEERD 

COMMERCIEEL ONGERUBRICEERD | TNO report | TNO 2015 R 10689  5 / 71  

 12 Acknowledgements ............................................................................................... 69 

13 Signature ................................................................................................................ 70 

A  Results of pre-study .......................................................................................................... 71 
 

 

 

 



 

COMMERCIEEL ONGERUBRICEERD 

COMMERCIEEL ONGERUBRICEERD | TNO report | TNO 2015 R 10689  6 / 71  

 1 Abbreviations 

BAT    Best Available Technology 

DNV    De Norske Veritas 

GAN    Gaseous Nitrogen 

HAZID   Hazard Identification study 

LIN    Liquefied Nitrogen 

LNG    Liquefied Natural Gas 

LPG    Liquefied Propane Gas 

O2    Oxygen 

QRA    Quantitative Risk Assessment 

RIVM   Rijksinstituut voor Volksgezondheid en Milieu 

TEC    Technische Evaluatie Commissie 

TNO    Organisatie voor Technisch Natuurwetenschappelijk Onderzoek 
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 2 Introduction 

LNG will increasingly be used as a fuel for trucks and vessels, which will require 

storage and transfer of LNG in urban areas. The safety distances to be applied for 

LNG fuelling- and bunker operations are for an important part determined by gross 

failure (rupture) of transfer hoses or loading arms. As failure rates on LNG hoses do 

not exist, the failure frequencies used in QRAs for these hoses are based on 

casuistic data of LPG hose failures
1
. Further the QRA assumes certain hole sizes 

which are one of the factors that determines the total outflow of LNG in an incident. 

The full bore hose rupture scenario significantly affects the external safety distance. 

These distances are limiting the deployment of the small scale LNG distribution 

system. This project aims to prove that, for small scale LNG transfer systems, the 

full bore rupture scenario is much too conservative for existing technology and that 

much less LNG outflow can be substantiated. It is hoped that authorities, based on 

the project results, can update their QRA calculation procedures with certain leak 

scenarios. The expectation is that it results in a reduced perceived risk.  

 

Stakeholders in the LNG supply chain have formed a committee, the LNG Safety 

Platform, to discuss and improve this LNG supply chain from multi perspectives. 

The project at hand is initiated by the Platform. A Technical Evaluation Commission 

(TEC) operates under this Platform and is the point of contact for TNO to report 

project progress and results. As the TEC consists of many members, an ad hoc 

hose working group is formed that is tasked to closely guide and monitor the 

project. 

  

The project is divided into 2 phases with a review and go/no-go decision in 

between. This document reports the first phase of the project which aims to prove 

the technical feasibility to substantiate leak before burst for some credible incident 

scenarios. Based on the phase 1 results, the LNG Safety Platform decides on 

continuation of the research in phase 2. 

 

In this report “Project” refers to both phase 1 and phase 2, and “Project-phase-1” 

refers to the first phase of the project. Chapter 3 summarizes the aim, scope and 

research questions as documented in the project plan. Chapter 4 outlines the 

execution process and motivates changes made to the project scope. Chapter 5 

reports the results of the study on incident scenarios and the provisional test plan to 

prove leak before burst. Chapter 6 and 7 present the results of the experiments and 

the results are discussed in chapter 8. Chapter 9 and 10 respectively draws 

conclusions on phase 1 and provide the recommendations for phase 2. 
 

                                                      
1 http://www.rivm.nl/dsresource?objectid=rivmp:271230&type=org&disposition=inline 
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 3 Project definition 

This chapter describes the project definition [1].  

3.1 Aim 

The aim of the Project is to provide adequate information on failure modes and 

leakage of multi composite and metal hoses used in tank- and bunker operations to 

allow RIVM to update their QRA calculation procedures with certain leak scenarios. 

The expectation is that it results in a reduced perceived risk. The aim of Project-

phase-1 is to assess the feasibility to prove “leak before burst” for some credible 

incident scenarios. 

3.2 Scope 

The scope of the project is limited to: 

1. multi composite and metal corrugated hoses including their end fittings. LPG 

hoses (a possible reference) will not be considered; 

2. the LNG operations truck (off-)loading and bunkering; 

3. systems defined in the BAT [2]; 

4. failure modes and amount of spill; failure frequencies are not investigated or 

determined. 

3.3 Approach 

The focus of the Project is on the failure modes of hoses and on the quantification 

of the LNG spill for the scenarios to be considered and proving leak (detection) 

before burst. When possible, this is linked to respectively prioritized by information 

on expected frequency of occurrence. Both common service conditions and 

incidents will be considered.  

 

Project-phase-1 starts with a small study to select potential critical scenarios and to 

outline a test program to prove “leak before burst”. This study is complemented with 

information from open literature and experience in similar cryogenic supply chains. 

Next, two possible incident scenarios are simulated in tests to assess whether it 

results in burst or leakage. Based on the results of the desk study and the tests, 

recommendations for Project-phase-2 will be made. The TEC will use this 

information to decide on a go/no-go for Project-phase-2 based on its assessment 

on proving “leak before burst”, the feasibility to use such information in QRA 

calculation procedures, and the outlook on reduced safety distances as judged by 

RIVM. For the adjustment of the QRA calculation procedures the reader is referred 

to RIVM
2
. 

3.4 Research questions for Project phase 1 and 2 

1. Is it feasible to prove leak before burst for a particular multi composite hose for 

at least 2 potential critical failure scenarios? 

                                                      
2http://rivm.nl/Documenten_en_publicaties/Wetenschappelijk/Rapporten/2012/oktober/Protocol_aa

npassing_rekenmethodieken_Externe_Veiligheid 

http://rivm.nl/Documenten_en_publicaties/Wetenschappelijk/Rapporten/2012/oktober/Protocol_aanpassing_rekenmethodieken_Externe_Veiligheid
http://rivm.nl/Documenten_en_publicaties/Wetenschappelijk/Rapporten/2012/oktober/Protocol_aanpassing_rekenmethodieken_Externe_Veiligheid
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 2. What service conditions and incidents need to be considered for 

systems/operations considered? 

3. What will be the likely failure modes based on technical judgment (not 

necessarily supported by evidence with tests or literature)? 

4. What test data on failure modes is available in open literature or at project 

partners to challenge/support research question 3? 

5. What test data from hose qualification test programs according international 

standards can be used to evaluate safety distances? 

6. What are the likely governing incidents/service conditions and failure modes to 

be tested in view of existing knowledge of hoses? 

7. What tests shall be executed to (partially) provide input to RIVM with respect to 

reduction of safety distances. 

3.5 Phase 1  workpackage description 

1. Incidents and service conditions to be considered. 

Definition of possible critical incidents and service conditions to be considered 

will be reviewed. It is assumed that damage scenarios and the frequency of 

occurrence of incidents on LPG transfer systems provide representative input to 

possible “loads” on the LNG hoses. However, the resulting damage/spill is 

assumed to be different. The LPG incident root causes will be complemented 

with the results of the HAZID executed by DNV for each of the LNG operations, 

the operational conditions (forces, pressures, temperatures, etc.), and the 

existing knowledge on the behavior of hoses. For the definition of the Project, a 

pre-study is executed to provisionally identify possible credible incidents that 

could result in full bore rupture. In Project-phase1 this pre-study will be 

complemented using literature, expert’s judgment and information available in 

industry which shall result in an inventory of failure scenarios and possible 

failure modes. This will be used to select and specify possible critical incidents 

or service conditions to be tested in addition to information available. (Research 

Question 2, 3, 4, 5, 6). The extent of this work package is limited to the budget 

allocated for this activity. 

 

2. Feasibility leak before burst.  

The pre-study (refer to chapter 5) identified accidental crush loading and 

degradation due to repeated bending as likely critical scenarios to prove leak 

before burst for transfer hoses. It is the expectation of TNO that multi composite 

hoses will perform better in this respect than metal corrugated hoses. 

Therefore, in this work package the feasibility of leak before burst will be tested 

on a commonly used multi composite hose subjected to crush and fatigue 

loads. The tests will focus on detectability of damage that could result in 

significant leakage and on how much leakage could occur. 

 

3. Report and review. 

The results of WP1 and WP2 will be reported. Conclusions will be drawn on the 

feasibility to prove leak before burst for both metal and composite hoses and 

recommendations for the phase 2 scope will be presented. Based on this report 

the TEC can review the need to execute phase 2, which may lead to a change 

in scope compared to what is proposed [1]. 
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 4 Project execution process 

This chapter describes the process of execution of the project and motivates 

changes to the project scope. 

4.1 Ad hoc working group transfer hoses 

Several members of the TEC volunteered to join the working group Transfer Hoses 

which are tasked on behalf of the TEC to: 

- provide input to the project proposal (project proposal phase); 

- guide and monitor the execution of the project; 

- decide on changes of scope; 

- review the report.  

The following companies/organizations were represented in the working group: 

- DCMR:     Mr. L. Vijgen, 

- Gate Terminal:  Mr. L. Velgersdijk,  

- RIVM:     Mr. B. Wolting,  

- TNO:     Mr G. van der Weijde.  
The working group communicated via e-mail and telecom and met 3 times: 

- Kickoff meeting to discuss and agree details of the test and priorities. 

- Witnessing of the crush test.  

- Meeting to discuss crush test results and phase 2 scope; Witzenmann, 

Gutteling and Imbema-Cleton were present at this meeting. 

4.2 Scope modifications Phase 1 

The Steering Committee requested the hose working group to critically review the 

phase 1 tasks with respect to the effect on the risk calculation procedure maintained 

by RIVM. The Steering Committee further requested to consider adding testing 

metal hoses to the phase 1 scope. In response, several changes have been made. 

    

The hose working group decided not to execute WP2 for the following reasons: 

- The allocated budget for this is small (K€8). 

- The content would largely duplicate a study in execution for RIVM 

which results are expected to become available in June 2015 and 

RIVM is willing to provide access to these results. 

- It is expected that only scattered information can be collected providing 

inconclusive answers.  

- The budget can be better spend on expanding scope of proving leak 

before burst test.  

 

The phase 1 scope includes execution of crush tests on a 2” and 4” multi composite 

hose. To address the request of the Steering Committee and several members of 

the TEC, TNO investigated which metal hose supplier would be willing to sponsor 

LNG metal hoses. Three companies, Witzenmann, BOA and Imbema-Cleton, 

positively replied. This was seen as an opportunity to connect these parties to the 

LNG Safety Program. As a result, three metal hoses were included in the crush test.     
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 5 Pre-study and literature study 

5.1 Pre study on scenarios to be considered 

TNO executed a small desk study on what scenarios should be considered and 

what tests could be executed to prove “leak before burst”. It is largely based on: 

1. TNOs knowledge on structure and material failure models,  

2. TNOs experience with tests on multi composites hoses and the use of metal 

corrugated hoses in test rigs, 

3. several studies on transfer hoses executed for other customers.  

In a meeting with RIVM, their potential requirements on a test program were 

discussed and implemented in the provisional experimental program. Appendix A 

contains the results of the pre-study. 

 

It is concluded that accidental crush loading and degradation/leakage due to 

repeated bending are likely incident scenarios. TNO expects that multi composite 

hoses will perform under these loading conditions better than metal corrugated 

hoses. Therefore composite hoses were targeted as prime hose technology to 

challenge the “full bore rupture” scenario. 
The following test were proposed test and accepted by the TEC: 

1. Hose: 2.5” or 4” multi composite LNG hose. 

2. Crush: 1 sample; 2 tests cryogenic at normal operating pressure; rolling wheel 

of full loaded truck; subsequent cryogenic leak test and ambient burst test. 

3. Fatigue: 3 samples; tensile fatigue of ambient hose pressurized at normal 

working pressure until significant leakage occurs; leak test cryogenic; ambient 

burst test. 

 

5.2 Literature study 

In concert with the working group Transfer Hoses, the literature study has not been 

executed, see chapter 4.2. As a result, the research questions 2, 4, 5 and 6 will not 

be answered in this report.  
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 6 Composite and metal hose response to crush loads 

This chapter describes the crush tests executed at the TNO test site in Delft. In 

these tests the transfer hoses are (attempted to be) crushed by a rolling tire of a 

loaded trailer while the hose is at cryogenic temperature and at normal operating 

pressure. Figure 1 shows the test principle and Figure 2 shows an overview of the 

test site. Subsequently a leak test is executed at ambient temperature. In addition 

either a burst test is executed or the test samples are destructively inspected on 

damage. Paragraphs 6.1 through 6.5 describe the test procedures. Any deviations 

from these procedures are provided in the section that reports the test result 

(paragraph 6.6). 

The following tasks have been executed prior to execution of the crush test: 

1. Description of test procedure and design of the test rig. 

2. HAZID and mitigation measures; clearance to execute test. 

3. Setup LIN/GAN process system including process control. 

4. Setup measurement and data acquisition system. 

5. Erection of test rig at test location. 

6. Safety checks on systems and procedures. 

7. Pretest to check proper functioning of system. 

 
Figure 1 Schematic representation of the crush test 

 

 
 Figure 2  Overview of the test site at Schoemakerstraat Delft 

Manifold to control hose 
pressure and temperature

Transfer hoses to 

be tested 
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 6.1 Crush test procedure 

The crush test is executed in two ways; see Figure 3 and Figure 4: 
1. on a flat surface (“flat test”), 

2. on an edge of the wooden plate (“edge test”). 

The surface is a wooden dragline plate, with a thickness of approx. 10 cm. To 

prevent shifting during the test, the hose is fixed to the dragline plate as shown in 

Figure 3. Two transfer hoses, coupled in the middle, are involved in each crush test 

series. The outer surfaces of the hose end fittings are provided with thermocouples. 

The pressure is monitored at the manifold just before and after the hoses to be 

tested. Figure 5 shows an example of the truck wheel passing one of the hoses. 

The truck used is specified in paragraph 6.5. 
 

 

Figure 3 Detail of the setup of the crush test on a flat surface and fixation of the hose (2.5” BOA 

hose) 

 

Figure 4 Detail of the set up crush test on the edge of the dragline plate (4” and 2” Gutteling hose) 

Height difference approx.  4 cm 
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 The hoses are connected to the LIN system by an inlet valve and two outlet valves. 

One outlet valve is for normal operation conditions and the other one serves as 

redundant safety pressure release valve. By opening the inlet valve, LIN will flow 

into the hoses, cooling down the hose while the outlet valves are open. The 

LIN/GAN will flow through the hoses until the hoses are cooled down. When LIN 

exits the system after the outlet valve, it is assumed that the hoses are sufficiently 

cold. Next the outlet valves will be closed and the pressure will be build up to the 

required test pressure. 

 

 

Figure 5  Detail of trailer wheel passing the 4” Gutteling hose laying on the edge 

 
The crush test procedure consisted typically of: 

1 installation of 2 hoses in the test rig; 

2 position the trailer wheel next to the hose, see Figure 4; 

3 cooling down at ambient pressure until LIN is present in the hoses; 

4 pressurizing the hose to 8 [barg]; 

5 one trailer wheel runs over both hoses; 

6 the pressure is monitored for some minutes and video frames are inspected 

for possible leaking hoses;  

7 the pressure is reduced to 4 [barg];  

8 step 5 and 6 are repeated (trailer wheel passes in reversed direction); 

9 the pressure is reduced to 2 [barg]; 

10 step 5 and 6 are repeated; 

11 the truck drives away from the test rig; 

12 the pressure is reduced to ambient pressure; 

13 the hoses are inspected on damage; 

14 the hoses are removed from the test rig while still being cryogenic. 

Figure 6 shows the intended pressure changes over time during the crush test.  

 



 

COMMERCIEEL ONGERUBRICEERD 

COMMERCIEEL ONGERUBRICEERD | TNO report | TNO 2015 R 10689  15 / 71  

 

Figure 6  Intended pressure changes during the crush test  

 

6.2 Leak test procedure 

To check on possible leakage, a leak test with GAN is executed while the hose is at 

ambient temperature. To that end, a plastic tube is fitted around the hose and 

sealed at the end fittings, see Figure 7. Leakage will be shown by bulging of the 

tube.  

The hoses tested together in the crush test have also been simultaneously tested 

on leakage where each hose have been individually fitted with a plastic tube. One 

of the hoses in the setup was fitted with the flow meter to qualitatively quantify the 

leak rate for the larger leaks. If the other hose would leak, the flow meter was to be 

inserted into the other plastic tube. The flow meter is capable of measuring flow in 

the order of magnitude of 5 [l/min].  

The leak test procedure is:  
1. Fit the plastic tube around the hose and connect the flow meter to one of 

the tubes. 

2. Flow GAN through the hoses and pressurize the hose to 2 [barg]. 

3. Inspect the plastic tube on bulging and monitor the flow meter reading. 

4. Increase the pressure to 4 [barg] and repeat step 3. 

5. Increase the pressure to 8 [barg] and repeat step 3. 

6. Release pressure and remove the plastic tube. 

 

Wheel passes 

hose 
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Figure 7 Hose leak test overview 

  

Plastic tube around hose 

sealed at the end fitting 

Flow meter 
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6.3 Burst test procedure 

After the leak test, the composite hoses are pressurized with water until burst at the 

facility of Gutteling B.V. in Rotterdam. The test is witnessed by TNO. 

The test procedure is: 

1 Provide the hose with blind flanges and connect the hose to the pressure 

test equipment. 

2 Let water flow through the hose to remove entrapped air. 

3 Pressurize the hose until burst or to the maximum capacity of the 

equipment. 

4 Read the burst/maximum pressure from the manometer and observe the 

failure mode. 

 

 

Figure 8  Burst test setup on composite hose at Gutteling B.V. 

6.4 Damage investigation procedure 

After the leak test, the metal hoses have been destructively inspected on plastic 

deformation. The areas over which the truck wheel passed where identified and the 

hoses where cut just next to that areas, see Figure 9. Subsequently the braids have 

been removed from the section to be able to inspect the corrugation on plastic 

deformation. 



 

COMMERCIEEL ONGERUBRICEERD 

COMMERCIEEL ONGERUBRICEERD | TNO report | TNO 2015 R 10689  18 / 71  

 

 

Figure 9  Metal hoses cut next to areas that has been crushed by the truck wheel 



 

COMMERCIEEL ONGERUBRICEERD 

COMMERCIEEL ONGERUBRICEERD | TNO report | TNO 2015 R 10689  19 / 71  

 

 

Figure 10  Removing of spiral and braids from hose sections and marking the parts 

6.5 Truck specification 

The truck-trailer combination used for the test is a common combination and 

consists of 6x4 truck with a 12-24 open flatbed Burg trailer, see Figure 11. The tire 

size of the trailer is a very standard 385/65 R22.5. The truck will run over the  

hose(-s) with a speed of 2-4 [km/h]. The trailer is loaded with steel plates to get an 

axle load of 140 [kN], see Figure 12. The resulting load on the trailer tire is 35 [kN], 

see Figure 13 and Figure 14. 

 

 
 

Figure 11 Truck - trailer configuration 
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Figure 12 Load on the trailer 

 

Figure 13 Trailer axle configuration 

 

 

Lifted 

axle 

Axle 2 

70 kN 

Axle 1 

70 kN 
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Figure 14 Axle configuration and tire load 

6.6 Crush test results 

6.6.1 Gutteling 

The Gutteling B.V. provided two 4” and two 2” hoses: 

1. 2” multi composite hose with commercial designation: Multi-LNG White 2"- 

281039375050. 

2. 4” multi composite hose with commercial designation Multi-LNG White 4"- 

281039375100. 

The 4” is connected to the inlet valve and the 2” is connected to the outlet valve, in 

the middle the 4” is connected to the 2” hose. 

 

Figure 15 shows the hoses in the test rig prior to testing. In the crush test on the flat 

surface the trailer tire did pass the hoses 2 times at each pressure. After the last 

pass at 2 [barg], it was decided to let trailer axels crush the hoses once more at 2 

[barg] when driving the truck away from the test rig. Figure 17 shows the result of 

the crush test on the flat surface. As no clear leakage was observed, it was decided 

to execute the crush test on the edge on the same hoses, lengthwise on a different 

position on the hose. For bringing the trailer to its position to crush the hoses on the 

edge, the hoses were bent which caused straining of the 4” hose at the location of 

the crush, see Figure 18. Figure 16 shows the pressure and temperature over time. 
 

Figure 4 and Figure 5 show pictures of the crush test on the edge of the wooden 

plate. Also in this test the trailer tire passed the hoses 2 times at each pressure and 

2 additional tires passed the damaged hose when driving the truck away from the 

test rig. Figure 20 and Figure 21 show the resulting external damage on the hoses 

after the crush test on the edge of the wooden plate. Figure 22 shows the hoses in 

the test rig after having finished the crush testing. Figure 23 and Figure 24 show 

some details of the damaged hoses. Figure 25 and Figure 26 show details of the 

leak test. 

 
Figure 8 shows the test setup for the burst test. The burst test on the crushed 

hoses, executed by Gutteling and witnessed by TNO, resulted in: 

Tire left 

35 kN 

Tire right 

35 kN 
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 - 2” hose: burst pressure larger than 140 [barg]; the hose did not burst at 

the crushed areas but at the usual area near the end fitting, see Figure 

27. 

-  4” hose: burst pressure larger than 120 [barg]; the hose did not burst 

as the pressure could not be increased further due to leakage of a 

valve, see Figure 28. In view of the high test pressure compared to the 

maximum working pressure in service, this is considered to be a valid 

test and no attempts are made to redo the test. 

 

 

Figure 15  Pre-test position of the hoses: routing of hoses (top), fixation of hose on flat surface 

(bottom)   

2” 4” 
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Figure 16 Time trace of pressure and temperatures of crush test on Gutteling hose  

 

 

Figure 17 Both hoses clearly severely crushed on the flat surface 
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Figure 18  Hoses bent in cryogenic condition (without pressure) after crushing on flat surface 

straining the 4” hose at the crushed location 

Figure 19  Time trace of pressure and temperatures of crush test on the edge for Gutteling hose
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Figure 20  Gutteling 2” hose after crushing on the edge  

 

Figure 21  Gutteling 4” hose after crushing on the edge  

  



 

COMMERCIEEL ONGERUBRICEERD 

COMMERCIEEL ONGERUBRICEERD | TNO report | TNO 2015 R 10689  26 / 71  

  

 

Figure 22 Gutteling 4” and 2” hoses after the crush test on the flat surface and the edge 

 

Figure 23  Gutteling 4” external visual damage after the crush test on the flat surface 
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Figure 24 Gutteling external visual damage after the crush test on the edge: 2” (top); 4” (bottom) 
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Figure 25 Gutteling leak test: test set up with 2” hose in lower part; 4” in the upper part  

 

Figure 26 Gutteling leak test: tube around 2”and 4” not inflated at 8 [barg] pressure indicating 

absence of leakage 
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Figure 27  Water pressure test on Gutteling 2": hose at 140 barg leaking at an end fitting 

 

 

Figure 28   Water pressure test on Gutteling 4": hose at 120 barg, valve on the right leaking 

 

Results: 

- During flat surface crush: 

o no visual leakage observed; 

o no pressure drop observed; 

o clear visual damage: flattening of the 2” and 4” hose. 

- During crush on edge:  

o no visual leakage observed; 

o no pressure drop observed; 

o clear visual damage: flattening of the 2” and 4” hose, on the 2” 

hose is the imprint of the edge very clear visible. 

- Leak test: 

o no leakage of 2” hose; 

o no leakage of 4” hose. 

- Burst test: 

o 2“ hose: pressure >150 bar; failure near end fitting (i.e. not in 

crushed areas); 

o 4“ hose: pressure >120 bar; failure near end fitting (i.e. not in 

crushed areas). 

6.6.2 Imbema 

 

Imbema-Cleton provided two 2” hoses. The hose consists of a corrugated pipe 

covered with one braid (Figure 29). The 2” Imbema hose is tested in the test rig 

together with the 2” Witzenmann hose, see Figure 30. The Imbema hose is 

connected to the inlet valve and the Witzenmann hose is connected to the outlet 

valve. 

Location of leakage 
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For positioning the trailer tire on the wooden plate for the crush test on the flat 

surface, a temporary wooden bridge was used to allow the tires to pass the hoses 

without touching them. Unfortunately the bridge failed (Figure 31) which resulted in 

a clear indentation on the Imbema hose, see Figure 32. As a leak test with GAN at 

8 [barg] did not reveal obvious leakage, it was decided to continue the crush test on 

the flat surface with this pre-damaged hose. 

 

The crush test procedure on the flat surface was executed as specified in 

paragraph 6.1. Figure 33 shows the result of the crush test on the flat surface. 

Figure 34 shows the pressure and temperature over time during execution of the 

leak test and crush test on the flat surface. Figure 35 shows a detail of the crushed 

hose. As the Imbema hose was severely damaged, it was decided to replace the 

hose by a new one before executing the crush test on the edge. In removing this 

hose, a beam was used to prevent as much as possible bending of the damaged 

section.  

 
Figure 36 shows the Imbema hose in the test rig prior to the crush test on the edge. 

Figure 37 shows the pressure and temperature over time during execution of the 

crush test on the edge. Figure 38 and Figure 39 show the result of the crush test on 

the edge. 

 
The leak test on the Imbema and Witzenmann hoses exposed to the crush on the 

edge, have been done in one setup. The Imbema hose exposed to crush on the flat 

surface has been leak tested separately. Figure 41 and Figure 42 show the results 

of the leak test. At low leak pressure (2 barg) the plastic tube around the hose 

crushed on the flat did not bulge indicating that there was no (significant) gas 

leakage. When increasing the pressure to 8 barg, the hose started to leak. Likely 

pressurization caused additional local deformation on the damage corrugation that 

exceeded the plastic strain capacity of the material. For the hose crushed on the 

edge leakage was already observed at 2 barg pressure. 

 

 

Figure 29  Imbema 2” metal corrugated hose  

2” 
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Figure 30  Imbema 2” and Witzenmann 2” hose in the test rig prior to testing  

 

 

 

Figure 31 Failed temporary wooden bridge to allow trailer axes to pass the hoses  

2” Witzenmann 

2” Imbema 
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Figure 32 Damage on outer surface of Imbema hose that did not result in leakage  

Figure 33 Imbema and Witzenmann hose: results of crush test on flat surface 

2” Witzenmann 

2” Imbema 



 

COMMERCIEEL ONGERUBRICEERD 

COMMERCIEEL ONGERUBRICEERD | TNO report | TNO 2015 R 10689  33 / 71  

 

 
 

Figure 34 Time trace of pressure and temperatures of the crush test on the flat surface for the 

Imbema and the Witzenmann hose  
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Figure 35 Imbema hose: result of crush test on the flat surface 

 

Figure 36  Imbema and Witzenmann hose prior to test on the edge 

  

2” Witzenmann 

2” Imbema 
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Figure 37 Time trace of pressure and temperatures of crush test on the edge for the Imbema 

and Witzenmann hose 

Figure 38  Imbema 2” and Witzenmann 2”: result of crush test on the edge 

 

2” Witzenmann 

2” Imbema 
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Figure 39 Imbema 2”: result of crush test on the edge 

Figure 40 Imbema 2” external visual damage from flat surface crush prior to leak test 
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Figure 41 Imbema 2” external visual damage from crush on the edge prior to leak test 
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Figure 42 Imbema 2” leak test on hose crushed on the flat surface: before leak test (top); at 8 

[barg] leakage observed (bottom) 
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Figure 43 Imbema 2” leak test on hose crushed on the edge; at 2 [barg] leakage observed 

 

 

Results: 

- During flat surface crush: 

o no visual leakage observed; 

o no pressure drop observed; 

o clear visual damage. 

- During crush on the edge:  

o no visual leakage observed; 

o no pressure drop observed; 

o clear visual damage, imprint of edge very clear visible. 

- Leak test: 

o leakage of 2” hose exposed to flat surface crush, 0.4 l/min GAN at 

8 [barg]; 

o leakage of 2” hose exposed to crush on the edge, 1.5 ml/min GAN 

at 2 [barg]. 
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6.6.3 Witzenmann 

Witzenmann provided two 2” hoses. The hose consists of a corrugated pipe 

covered with two braids and a spiral (Figure 44). 

 

The 2” Witzenmann hose is tested together with the 2” Imbema hose in the test rig, 

see Figure 30. The Imbema hose is connected to the inlet valve and the 

Witzenmann hose is connected to the outlet valve. 

 

During positioning of the trailer tire on the wooden plate for the crush test on the flat 

surface, the temporary wooden bridge that should allow the tires to pass the hoses 

without toughing them, failed (Figure 31). No damage to the Witzenmann hose was 

visible.  
 

The crush test procedure on the flat surface was executed as specified in 

paragraph 6.1. Figure 33 shows the result of the crush test on the flat surface. 

Figure 34 shows the pressure and temperature over time during execution of the 

leak test and crush test on the flat surface. Figure 45 shows a detailed photo of the 

hose after the crush test on the flat surface. 

 

The crush test on the edge on the Witzenmann hose has been executed on the 

same hose as the crush test on the flat surface. Figure 36 shows the Witzenmann 

hose in the test rig prior to the crush test on the edge. Figure 37 shows the pressure 

and temperature over time during execution of the crush test on the edge. Figure 

38, Figure 46, and Figure 48 show the result of the crush test on the edge. 
 
The leak test on the Witzenmann hose been executed together with the Imbema 

hose exposed to crush on the edge. Figure 47 shows the execution and the result 

of the leak test. 

 

 

Figure 44 Witzenmann 2” hose 
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Figure 45 Witzenmann 2” hose after crushing on the flat surface 

 

Figure 46 Witzenmann 2” hose after crushing on the edge 

 

Figure 47 Witzenmann 2” leak test: detail of bag at 8 [barg] pressure indicating absence of 

leakage 
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Figure 48  Witzenmann 2” hose: area crushed on the flat surface does not show visual damage 

(top), area exposed to crush on the edge is clearly damaged (middle, bottom) 
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 Results: 

- During flat surface crush: 

o no visual leakage observed; 

o no pressure drop observed; 

o no visual damage observed. 

- During crush on edge:  

o no visual leakage observed; 

o no pressure drop observed. 

o some visual damage (detectable damage) observed, 

- Leak test: 

o no leakage observed. 

 

6.6.4 BOA 

BAO provided two 2.5” hoses. The hose consist of a corrugated pipe covered with 

two braids. Two 2.5” BOA hoses are tested together, see Figure 49.  

 
The crush test procedure on the flat surface was executed as specified in 

paragraph 6.1. Figure 50 shows the result of the crush test on the flat surface. 

Figure 51 shows the pressure and temperature over time during execution of the 

leak test and crush test on the flat surface. 

 

The crush test procedure on the edge was executed as specified in paragraph 6.1.  

Figure 52 show the BOA hose in the test rig prior to the crush test on the edge. 

Figure 53 shows the tire passing the hose in the crush on edge test. Figure 56 

shows the pressure and temperature over time during execution of the crush test on 

the edge. Figure 54 and Figure 55 show the result of the crush test on the edge. 

Figure 57 and Figure 58 show details of the crushed areas of one of the hoses. 

There is no noticeable difference in the permanent deformation of both hoses. 

 

Both BOA hoses have been checked with a leak test together. Figure 59 shows the 

execution and the result of the leak test. 

 

 

Figure 49 Two 2.5” hose of BOA in the test rig, prior to crush testing on the flat surface  
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Figure 50 Result of crush test on the flat surface for both BOA hoses; no visual damage detected 

 

Figure 51 Time trace of pressure and temperatures of crush test on the flat surface for the BOA 

hose 
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Figure 52 Two 2.5” hose of BOA in the test rig, prior to crush testing on the edge 

 

Figure 53 BOA hoses during crushing on the edge 
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Figure 54 BOA hoses after crushing on the edge 

 

Figure 55 Detail of BOA hose after crushing on the edge; visual damage is detected 
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Figure 56 Time trace of pressure and temperatures of crush test on the edge for the BOA hose 

Figure 57 BOA 2.5” crushed on the flat surface; light deformation of the braiding visible 
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Figure 58 BOA 2.5” crushed on the edge; clear damage visible 
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Figure 59 BOA 2.5” leak test: leak test setup with both BOA hoses (top); detail of bag of the 2 

hoses at 8 [barg] pressure indicating absence of leakage (middle, bottom) 

 

 Results: 

- During flat surface crush: 

o no visual leakage observed; 

o no pressure drop observed; 

o no detectable damage observed. 

- During crush on edge:  

o no visual leakage observed; 

o no pressure drop observed; 

o some visual damage (detectable damage) observed. 

- Leak test: 

o no leakage observed. 
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6.6.5 Summary of crush test results 

 

Table 1 summarizes the crush test results.  

 
 

 

hose crush test results 

crush 

surface 

number 

of tire 

passing 

damage 

detectability 

permanent 

deformation 

gas leakage 

[l/min] 

burst 

test 

[barg] 

Multi composite hose 

2" Gutteling Multi-LNG White 2"- 

281039375050 

flat surface 8 very clear severe none >140 

edge 8 very clear severe 

4" Gutteling Multi-LNG White 4"- 

281039375100 

flat surface 8 very clear severe none >120 

edge 8 very clear severe 

Metal corrugated hoses 

  

2" Imbema 

code@@@@   light 

designed LNG hose without 

external spiral 

flat surface 4 very clear severe 0.4 @ 8 barg - 

edge 4 very clear severe 1.5 @ 2 barg - 

2" Witzenmann code---   heavy designed 

LNG hose: double braid and 

external spiral 

flat surface 4 no visual 

damage 

no none - 

edge 4 detectable small none - 

2.5" BOA  code---   heavy designed 

LNG hose: double braid 

without external spiral 

flat surface 4 no 

detectable 

damage 

no none - 

edge 4 detectable small none - 

Table 1 Summary of crush test results 
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 7 Composite hose response to fatigue degradation 

7.1 Description of test 

The purpose of the test is to induce fatigue damage to a hose that result in leakage 

that can be readily detected during service and subsequently to assess the 

remaining pressure resistance. The hose deformations, test temperature and 

number of load cycles to induce such fatigue damage are not relevant as long as 

the induced fatigue damage (and damage distribution over the hose length and 

hose wall) are representative for fatigue degradation that occur in service. Axial 

fatigue at ambient conditions was chosen mainly for costs reasons. 

Handling damage, that does not require in itself replacing the hose in service, may 

affect the fatigue location, the damage features, and the time when fatigue damage 

result in leakage. For that reason impact damage is inflicted on the hose that result 

in barely visible damage. The leak rate of the fatigue degraded hose is measured 

and subsequently a burst test is performed.      

 

The hose is horizontally positioned in the test setup, see Figure 60. During the 

fatigue test the hose is pressurized with air at ambient temperature. A cylinder 

applies a cyclic load at one side, while the other side is fixed to a frame. The hose is 

allowed to rotate at the end fitting connected to the cylinder. Due to the pressure 

and tensile force, the hose will be stretched in longitudinal direction. The cyclic 

tensile force induces the fatigue degradation. 

Figure 60  Gutteling 2” hose in fatigue test rig 

 

The progression of fatigue damage is monitored by visual inspection, pressure drop 

over a certain time interval and leak detector spray. After having induced sufficient 

fatigue damage, the leak rate of the hose is measured with a flow meter connected 

to a plastic tube around the hose circumference that is sealed on the hose end 

fittings similar to Figure 7.   

The residual pressure resistance is determined by pressurizing the hose with water 

until burst. 

7.2 Details of the fatigue test 

A 2” Gutteling composite LNG hose with a length of 27 cm between the end fittings 

was exposed to the following loads: 
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  air pressure in the hose varying between 2.0 and 2.5 [barg]; 

 axial cyclic force that was increased over time: 

 minimum force 0.2 [kN], maximum force 1.3 [kN] for the 1.E6 cycles; 

 minimum force 0.1 [kN], maximum force 3 [kN] for subsequent 3.E6 cycles. 

The frequency of the cyclic axial load varied between 1 and 2 Herz. 

The test is executed at ambient temperature (21± 2 °C). 

Barely visible damage is inflicted after the first series of 1.E6 cycles by impacting 

the outer spiral of the hose with a hammer resulting in a shallow dent in the spiral. 

It was planned to fatigue 2 additional 2” Gutteling hose samples and to execute the 

leak test with LIN on these samples. As the fatigue of the first sample took much 

more time than anticipated, it was decided not to fatigue 2 more specimens. For 

reasons of safety, as the remaining burst strength was not known, the first sample 

was leak tested with air. 

7.3 Test results 

Application of fatigue damage 

After the first series of 1.E6 cycles no leakage was observed. To faster induce 

degradation the maximum axial load was increased to 3 [kN]. In addition, impact 

damage was inflicted to the outer spiral in the middle of the specimen. 

  

Note: For reasons of reference, an axial load of 3 [kN] is equivalent to the axial load 

on the hose when the hose is pressurized at 15 [barg]. The burst pressure of the 

hose is approximately 140 [barg]. 

 

After 2.E6 load cycles some leakage of air was observed at one of the end fittings, 

see Figure 61.  

  

 

Figure 61  First signs of leakage dominantly at one of the end fittings of the 2”Gutteling hose  

after 3.E6 load cycles 

After an additional 1.E6 cycles the leak rate was increased to a level what was 

judged to be detectable in service based on: 

- the hose pressure dropped over a time interval of some minutes 

considerably; 

- gas flow was noticeable by the skin of a hand; 

- the leak spray revealed much more leak locations and leaks with a higher 

flow rate, see Figure 62. 
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Figure 62 Significant leakage over the hose surface on the Gutteling 2” hose after a total of 4.E6 

load cycles 

Therefore the fatigue test was stopped after a total of 4.E6 load cycles. During the 

cyclic fatigue the temperature of the outer surface of the hose was slightly but 

noticeable higher than ambient. It was judged to be low enough for not lowering the 

test frequency. 

 

Quantification of leakage 

Subsequently the outer surface of the hose was sealed with a plastic tube and the 

leak rate of the hose was qualitatively quantified under varying internal pressure 

and varying axial loads, see Figure 63. Internal pressure and axial load affect the 

leak rate slightly only. The leak rate of air at ambient condition was approximately 

0.6 [l/min]. 

 

Figure 63 Leak rate of ambient air escaping from the 2” Gutteling hose at varying pressure and 

varying axial force 

 



 

COMMERCIEEL ONGERUBRICEERD 

COMMERCIEEL ONGERUBRICEERD | TNO report | TNO 2015 R 10689  54 / 71  

 Residual pressure capacity 

The burst test was executed by Gutteling B.V. and witnessed by TNO. Almost 

instantaneously (at low pressures) some signs of leakage of water were observed. 

At relatively low pressures (order of magnitude 10 barg) already a fine mist of water 

was observed. As the pressure increased, the both the leakage and the mist 

increased, see Figure 64 . The flow capacity of the pump was not high enough to 

compensate for the leakage and, as result, the pressure could not be increased 

above 110 barg. The test was aborted without a full bore rupture of the hose. Visual 

inspection of the hose revealed a local failure of the hose wall near the end fitting, 

see Figure 65. 

 

 

Figure 64 Water pressure test of 2” Gutteling  hose with fatigue damage pressurised at 

approximately 100 barg 

Figure 65 Fatigue degraded 2” Gutteling hose after being pressurised at 110 barg (top) and detail 

of external visual failure (10 x 20 mm) of the pressure barrier (bottom) 
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 8 Discussion of test results 

This chapter discusses the test results and provides mainly qualitative 

extrapolations on the results with the purpose to indicate: 

- what factors may have affected the results, 

- what aspects may be considered should more testing be required, 

- to what extend the results can be generalized.  

8.1 Composite and metal hose response to crush loads 

The results are discussed by commenting (zooming in from generic to specific) on 

respectively: 

- scenario of the trailer tire that runs over a hose; 

- how representative the scenario is for other crush scenarios; 

- if test results can be extrapolated to impact scenarios; 

- the results of the crush test on metal hoses;  

- the results of the crush test on composite hoses; 

- comparison of leak before burst of metal and composite hoses. 

 

Comments on the scenario trailer tire runs over hose: 
1. In the crush test, both the tire and hose will deform dependent on their stiffness 

and internal pressure. Figure 53 shows an example of the tire deformation. The 

three metal hoses tested differ considerably in design with respect to thickness 

of the corrugated pipe, the number of braids, and/or the use of an outer spiral. It 

results in that both the Witzenmann and BOA hose have a high stiffness 

against becoming oval-shaped compared to the Imbema hose. This hose 

stiffness, next to internal pressure, protects these hoses from plastic 

deformation and is thus a parameter to consider in the assessment of “leak 

before burst”. The Gutteling hoses also have a low stiffness against becoming 

oval-shaped. When this report refers to respectively “stiff” (for Witzenmann and 

BOA) and “flexible” (for Gutteling and Imbema), it refers to the stiffness against 

becoming oval-shaped.  

2. For the “stiff” hoses tested (BOA, Witzenmann) the local loads developed in the 

crush on the edge developed much more damage than on the flat surface. For 

the “flexible” hoses tested (Gutteling, Imbema) the amount of deformation on 

the flat surface and on the edge are comparable in magnitude but higher for the 

crush on edge. Therefore, the shape of the surface is significant aspect to be 

considered.  

3. A relatively smooth wood surface was used in the test as “pavement”. Asphalt 

and bricks are expected to result in similar damage as in the test. Coarse gravel 

could result in some more (localized) damage. However, extrapolating the 

damage resulting from crushing on the edge, it is expected that most of the 

hoses tested will not start to leak. The Imbema hose, being light designed and 

metal, may on gravel develop high local plastic deformation and leaking cannot 

be excluded.  

4. In the crush test on the edge, it was aimed to locate the edge at half the width 

of the tire. Obviously, in an incident the location of the “edge” will vary which 

can result in higher local loads on the hoses and larger damage as a 

consequence. This is partially compensated by the deformation of the tire itself.  
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 5. A commonly used trailer tire was used with a wheel load of 35 kN. In the 

Netherlands a wheel load up to 50 kN is allowed which could result in more 

damage than in the test. The two trailer axes work in tandem (the third axes 

was lifted), see Figure 13. When the tire passes a stiff hose, the wheel lifts the 

trailer resulting in a temporary wheel loaded higher than 35 kN. The exact 

height of the wheel load is not known. 

6. In the test the hoses were fixed laterally (Figure 3) to prevent them from shifting 

when the tire comes in contact with the hose. In practice, and in particular for 

the larger diameters, the hoses are expected to shift somewhat in front of the 

tire. 

7. The truck driver in the test reported that he will likely notice that an obstacle is 

somewhere in front of the tires. This adds to the “incident detectability” and can 

affect the incident scenario. 

8. In the test the tire did pass the hose minimum 3 times at the same location. 

This is for metal hoses a severe condition due to low cycle fatigue phenomena 

that can result in leakage. When only 1 tire would have passed the Imbema 

hose, it is reasonable to expect that there has not been leakage at all. For the 

composite hose the wheel did pass 8 times the same location as this 

technology is expected to be much less sensitive to such low cycle fatigue. All 

in all the multiple passing of a wheel is considered to be an extremely sever test 

condition. 

9. The pressure in the hose does affect the amount of deformation of the hose, in 

particular for the “flexible” hoses tested. The minimum test pressure was 2 

[barg]. The working group discussed this issue and decided not to test 0 [barg] 

as the supply valves have been closed and only the LNG volume in the hose 

can be released or the hoses are even empty.  

The expectations however are: 

9.1. for the “stiff” metal hoses:  

 no plastic deformation for crush on flat surface;   

 somewhat larger plastic deformation for crush on edge;  

 no leakage for both cases, 

9.2. for the “flexible” metal hose (Imbema):  

 larger plastic deformation for both crush on the flat surface and on the 

edge;  

 leakage cannot be excluded,  

9.3. for the “flexible” composite hoses (Gutteling):  

 larger plastic deformation for both crush on the flat surface and on the 

edge;  

 leakage is unlikely to occur based on 8” qualification test experience 

[3]. 

10. After having crushed the Imbema hose, the damaged area was protected 

against bending due to handling to avoid additional plastic deformation. The 

composite hoses however were in handling significantly bent. In general, for 

metal hoses that are severely damaged, the preferred post incident handling 

procedure would be to de-pressurize the hose first. Note: for the ”stiff” metal 

hoses handling the hose pressurized would not have been a safety risk.  

 

Is the tested scenario representative for other crush scenarios, for example to 

steel surfaces colliding in bunkering with a hose in between?: 

11. The shape of the contact crush surface is proven to affect results on the “stiff” 

hoses tested, where the differences for the “flexible” hoses where less. Based 
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 on commonly used/known material failure models for the class of materials 

used in the hoses (assessing this for the specific products tested is beyond the 

scope of the project), the development of local plastic strains is expected to be 

the determining factor for yes/no leakage. In particular for metal hoses the local 

plastic strains are determined by among others loads, hose design (shape and 

material of the corrugation), and geometry of the crushing surfaces. 

12. The contact force in the test was limited by the wheel load, whereas in collision 

the loads are driven by mass, speed, deformation, etc. Therefore the loads and 

the resulting deformation can be higher than in the trailer crush test. It is 

expected that the composite hose is not sensitive to this (Gutteling 8” 

qualification testing [3]). The metal hose leak tightness depend on the plastic 

strain developed during the deformation and is expected to be more sensitive to 

it. 

13. For bunkering, one may consider the scenario that a hose is crushed several 

times at the same location (for example wave induced crushing) before 

mitigation measures has been taken. This will be a sever condition for the metal 

hose as low cycle fatigue can occur resulting in formation of cracks. This will 

not be the case for composite hoses. 

 

Can the crush test results be extrapolated to impact scenarios?: 

14. Impacts due to dropping objects are considered to be “quasi static” incidents 

with respect to material response as opposed to high dynamic incidents (e.g. 

impact of a projectile). Therefore, the material failure laws will be the same for 

both crush and impact. This reduces the impact phenomena to “indentation” by 

an object. 

15. The shape and impact energy will determine the damage to the hoses and thus 

the probability of leakage. For objects that drop on a hose with a relatively large 

contact surface area and with rounded corners, the kind of damage expected is 

somewhat similar in appearance as the crush test. The magnitude of the 

deformation depends on the impact energy. For objects with a small contact 

area and/or sharp corners, the resulting damage is expected to be different and 

potentially more critical with respect to chance on leakage. 

16. To assess how to compare crush to impact, it is important to define the credible 

scenario first in terms of energy and shape of the object.  

 

Result on crushed metal hoses: 

17. Three very different hose designs have been tested all using similar materials 

and baseline technologies as observed by cross sectioning the hoses. In 

general, all metal hose supplier involved in this test program, can design 

products with improved wear, impact and crush resistance. The hose delivered 

by Imbema, though very capable to withstand the transfer process conditions 

such as pressure, is not protected to wear by a spiral and is not designed to 

resist crush and impact. As a result, Imbema would not recommend using this 

particular hose design for small scale LNG transfer operations. The reason for 

Imbema to select this particular hose was that it could be delivered on very 

short notice. With hindsight, the Imbema hose did significantly contribute to the 

scope of metal hoses covered in the test program. Nevertheless the large 

deformations of the Imbema hose did not result in significant leakage. (Note: 

according the hose suppliers, many details in material selection, design and 

production do significantly influence the product performance). 
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 18. Acknowledging that multiple crushes has been executed at the same location 

but with a wheel load that is 70% (= 35/ 50 kN) of the maximum allowed tire 

load in the Netherlands, it is expected that none of the metal hoses crushed on 

the flat surface will leak. This will be certainly the case for hose designs that the 

hose suppliers involved in this test program would recommend to be used. 

19. For crush on the edge, less strong conclusions can be drawn as the local load 

on the hose determines the plastic strain and the chance on leakage (together 

with series of particular hose design aspects). For the “stiff” hose designs, as 

the local deformations are small compared to the allowable plastic strain, it is 

expected that no leakage will occur for higher crush loads than used in the test.  

20. All metal corrugated pipes contain welds. The welded areas may exhibit a 

material performance (among others strain to failure and low cycle fatigue) 

different than the parent material. In the test set up no attention is paid to 

selecting the orientation of the weld with respect to the areas of large 

deformation. At this point in time TNO is not in the position to comment on 

if/how welds affect results.  

21. Crush test are performed on 2 identical BOA hoses. Both samples had equal 

performance in terms of (absence of) permanent plastic deformation and 

absence of leakage. This provides little information on the repeatability of test 

results.   

 

Result on crushed composite hoses: 

22. Though the plastic strain of the polymeric material may be in the same order of 

magnitude as the plastic strain of the metal corrugation, the multi composite 

hose is proven to behave very different from the metal hose with respect to 

local permanent plastic, low cycle fatigue and leakage. No permanent local 

plastic deformation of the polymeric films and fabric are present, keeping the 

pressure barrier intact. From earlier tests [3] it is known that the stainless steel 

inner spiral is heavily deformed. The outer wire is deformed as well but remains 

to contribute to the pressure resistance as long as the spiral is evenly 

distributed over the damaged area. This is demonstrated by the burst tests. 

23. In this crush tests, and in the qualification tests of the Gutteling 8” LNG hose 

[3], it is shown that the hose does show significant damage but that such 

damage does not affect the pressure containment properties. (Note: Gutteling 

recommends replace hoses with minor plastic deformation of the outer spiral 

immediately, let alone hoses with damage as in this crush test). Further the 

burst pressure is much higher than the normal operating loads. In addition, the 

hose is proven to be relatively insensitive to low cycle fatigue.   

24. Based on qualification testing on Gutteling 8” hose, it is expected that the 

impact performance of a composite hose is similar to that of the crush 

performance when the impact object has a large contact area and rounded 

corners.  

25. The composite hose technology is based on many non-bonded polymeric 

layers (which is totally different from vulcanized hoses), which partially 

determines the hose performance. Only one brand of composite hoses is tested 

in phase 1. Gutteling’s products are based on a particular design philosophy, 

use of materials, and production parameters. For crush performance however 

(i.e. not for other aspects of hose performance) it is expected that other brands 

will perform similarly.  

How can leak before burst of metal hoses compared to composite hoses?: 
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 26. Compared to metal hoses, “leak before burst” performance of composite hoses 

are the expected to be less affected by details of the loads and crush 

conditions. That is, there is more room to extrapolate results. 

27. When comparing expected “leak before burst” performance of composite and 

metal hoses in “single” impact and crush scenarios, composite hoses are 

expected not to leak where metal hoses may leak. 

28. Under multiple crush loads metal hoses may suffer from low cycle fatigue which 

induces cracks with leakage as consequence. Obviously this depends on the 

amount of plastic deformation which partially depends on the hose stiffness. 

From this test program no conclusions can be drawn to what extent such cracks 

reduces the pressure resistance and thereby the risk on full bore rupture. And if 

rupture of the corrugation is assumed, the braiding (which is not expected to 

fail) may reduce the product outflow compared to the “full bore rupture” of a 

pipe. Composite hose are expected to behave under multiple impact and crush 

scenarios very similar to a single impact/crush. 

8.2 Composite hose response to fatigue degradation 

Is the test procedure representative for service conditions? 

1. A composite hose consists of (stacks of) polymeric films and (stacks of) 

polymeric fabric plies. It is assumed that film plies degrade first due to fatigue 

and fabric plies do either not degrade or degrade later. This assumption is 

partially supported by the test in [3]. 

2. In-service conditions that contribute to fatigue degradation are among others: 

internal pressure; both constant and cyclic external loads (axial, bending loads, 

torsion); thermal effects (cooling down/heating up). In service bending loads 

and pressure are expected to contribute dominantly to fatigue degradation. For 

the test cyclic axial loads were applied for reason of costs (ability to test at 

higher frequency and simpler test rig). The rationale is that local bending of the 

films in the pressure barrier is the cause of initiation of cracks in the films. In 

axial fatigue such local film bending occurs just as in bending, though the 

magnitude of local bending will differ.  

3. The internal pressure in combination with other external loads is expected 

affect the magnitude of the fatigue degradation initiation and growth. This 

includes effects of limiting or allowing certain deformations. As an example, a 

hose will twist when axial load or pressure is applied. In the fatigue test the 

hose could twist. It is not known if/how this may affect the damage distribution 

over the films and the hose in total. In the test a low, realistic pressure is 

selected in combination with a uniaxial load. 

4. For reasons of costs, the fatigue test is executed at ambient temperature. The 

resistance of the polymeric material against fatigue is expected to be lower at 

cryogenic temperature than at ambient temperature. It is not known how this 

may affect the damage distribution over the films and the hose in total.  

5. The magnitude of the pressure and axial loads applied is expected to shift 

when fatigue damage is initiated and how fast the degradation growth. It is not 

known what this relation is. 

6. Chemical degradation (marine environment,…..) and creep (permanent hose 

deformation under constant load) can be added to the lists of topics above that 

affect fatigue. For several reasons these are assumed to be secondary for the 

small scale applications considered. 
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 7. The fatigue damage distribution and the development of leak path have not 

been investigated in this project. In [3] it was found that complex leak paths 

can develop that eventually result is leakage visible somewhere at the hose 

outer surface.   

8. Impact or other forms of local deformations may cause localized and quicker 

development of fatigue degradation. For that reason impact is applied in this 

test. Other impacts/local deformations may have a different effect. Not enough 

test data is generated to conclude on this. 

9. All in all, the fatigue test parameters were selected based on costs and not so 

much for being representative for service conditions.  

a. In literature and at TNO no or little information is available to justify choices 

made other than expert judgment. 

b. The number of fatigue cycles until leakage occurred is expected to be 

highly dependent on aspects mentioned above.  

c. The main assumption, which cannot be supported by literature and/or 

knowledge at TNO, is that the fatigue degradation pattern in the individual 

film, the film stack and the hose developed in the test will be similar to 

service conditions.  

d. Having said that, the fabric layers alone (which are assumed not to be 

degraded by fatigue, ref point 1 above) will provide a certain residual 

pressure resistance. Due to the very high burst pressure of new hoses (140 

barg) the portion that fabric plies contribute to this may well exceed the 

maximum pressure during incidents in service (10-20 barg). 

 

Comments on the test results 

10. The loads applied and the test conditions do not allow using the number of 

fatigue cycles to be used to estimate the service life of the hose tested. 

11. The leak rate slowly increases over cycle time. This is also seen in [3]. Though 

it cannot be translated in to number of days of service time, it is a significant 

result in terms of safety: 

a. it increases the probability of detection in an early stage; 

b. it facilitates taking measures at convenient/safe conditions as there is less 

need to abort (urgently) operations.   

12. No efforts have been made to verify if the hose leakage after fatigue (0.6 l/min) 

is readily detectable under service conditions. The qualitatively measured leak 

rate is very small compared to the NG release during a full bore rupture. From 

leak rate point of view, much more fatigue degradation could have been 

imposed to the test sample. 

13. The leak rate has been measured for a 9 bar hose pressurized with air. Based 

on a simple first principle physic model it is estimated that the leakage of the 

hose pressurized with cryogenic natural gas at 8 barg is in de order of 5 l/min 

NG. This is small compared to the release for a full bore rupture. 

14. During the pressurization of the fatigue degraded hose with water, some 

leakage was already observed at low pressures. Therefore it is expected that a 

hose pressurized with a cryogenic (boiling) liquid will show a much higher leak 

rate than when pressurized with gas. No estimate can be made how much NG 

would be released from this hose when filled with pressurized LNG. However, 

this amount will be certainly several orders of magnitude lower than that of a 

full bore rupture. Further, it will result in release of cold NG gas which may 

result in sooner detection of such fatigue degradation.  
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 15. The 2” Gutteling hose pressure tested after the crush test failed at 140 barg. 

The fatigue damaged 2” Gutteling hose failed in the pressure test at 110 barg. 

This indicates that fatigue damage, contrary to crush damage, affect the 

residual pressure capacity of composite hoses. It is reasonable to expect that 

much more fatigue damage, and higher leakage, would not reduce the burst 

pressure to the normal operating pressure. 

 

Can the results be extrapolated to other diameters and composite hose 

brands? 

16. All composite hoses are based on non-bonded polymeric films and fabrics. In 

principle one may expect to find similar degradation fatigue mechanism for all 

brands. However, selection of a different film material (and its resistance 

against fatigue initiation and propagation) and several hose design and 

manufacturing parameters could affect the “leak behavior”. There is no 

information available on details of the fatigue behavior of hose materials and 

leak behavior hoses. Therefore, the result of the test on the 2” Gutteling hose 

cannot be extrapolated to other composite hose brands. Having said that, a 

small additional test program may change this statement.   

17. Gutteling uses the same film and fabric material for all composite LNG hoses. 

In [3] several 8” hoses were tested in axial fatigue. The objectives of these 

tests were different than for the test in this project. The observed physical 

phenomena in terms of leakage do match with the test results in this project. 

The number of cycles until leakage for the 2” hose was considerably higher 

than for the 8” hose in [3]. Several details of the damage distribution for the 2” 

are not investigated which does not allow further comparison with the results of 

[3]. Therefore it is expected that all hose of this brand may qualitatively feature 

a similar behavior but there is too little physical background for extrapolating it 

to other diameters. 

Note: the root cause to be very careful with extrapolating these test results is the 

absence of mechanical models that can predict hose deformations, and (one step 

deeper) the absence of models that can predict film material deformation, and 

finally the lack of a film fatigue failure model.  
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 9 Conclusion 

Feasibility “Leak for burst” 

For one of the credible scenarios –a loaded trailer wheel running over a pressurized 

hose - it is demonstrated that none of the 5 hoses tested (significantly) leaked. The 

lightest metal corrugated hose only showed minor leakage in the order of 1 [l/min] 

after multiple wheels passing. This is very much less than a “full bore rupture” 

release. For the composite hoses it is even demonstrated that the crush damage 

does not affect the pressure resistance of the hose (>100 [barg]). It is concluded 

that “leak before burst” is proven for the incident “crush by trailer tire” for 5 different 

types of hoses that could be used in small scale LNG transfer operations. Based on 

the discussion in chapter 8, it is expected (that is: it is not proven) that the observed 

performance will likely hold for a wider range of crash and impact scenarios, other 

diameters, and other brands using similar materials and technologies. This is in 

particular the case for multi composite based hoses. Metal hose suppliers can 

design their product such that they can withstand crush loads specified.  

 

Gradual degradation over service due to cyclic loads cannot be avoided and is a 

potential cause of inducing burst failure. It is demonstrated that a particular 2” multi 

composite hose, subjected to cyclic axial loads, developed leak paths that grow 

relatively slowly over time and that the residual burst pressure (110 [barg]) is one 

order of magnitude higher than the maximum operating pressure. Thus, full bore 

rupture of a fatigue degraded composite 2” Gutteling hose during a LNG transfer 

operation is not a credible scenario. Based on the discussion in chapter 8, and 

unlike the results of the crush test, the results cannot be extrapolated. The 

confidence in extrapolation to test results shifts from “it could” to “not possible” for 

respectively other loading conditions, other diameters of the same brand, and 

different brands.  

 

The two scenarios tested for the feasibility study were selected based on the 

likelihood of occurrence and the chance that it results in full bore rupture. For the 

scenario crush and fatigue it is clearly demonstrated that for the composite hoses 

tested: 1) the damage is (likely) detectable, 2) full bore rupture is not expected and 

3) that the resulting release of product (LNG/NG) will be insignificant compared to 

full bore rupture. With respect to metal hoses tested it is demonstrated that a high 

crush load 1) will not (always) result in damage, 2) significant damage that may 

cause leakage is detectable, 3) the resulting release of product (LNG/NG) will be 

insignificant compared to full bore rupture. 

 

It is concluded that there are scenarios, which so far were intuitively labeled as 

potentially resulting in full bore rupture, will result in a relatively very small leakage 

of NG or LNG that is insignificant in view of the currently assumed full bore rupture.  

The feasibility of “leak before burst” is clearly proven.  
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 10 Recommendations for phase 2 

10.1 Scenarios to be considered 

The scenarios presented in this paragraph are based on discussions in the TEC 

and the hose working group and is not based on the literature study (see Literature 

study 5.2). As such it presents the opinion of participants in the both mentioned 

organizations which is not challenged by literature or experience in similar 

industries. It includes however the experience TNO has gained on composite hoses 

over the last 8 years. 

 
1. Crush on hose 

Crush is identified as an important scenario. Crushing can occur due to a trailer 

wheel running over a hose or squeezing a hose in between 2 surfaces during 

bunkering. The crush tests in phase 1, executed under certain test conditions, 

did not result in leakage for 3 metal hose brands and 1 composite hose brand 

(on 2 diameters). Crush is expected to be an important credible incident. 

Therefore it is proposed to complement these results in phase 2 by a bunkering 

type crush incident.   

2. Impact on hose  

Next to crush, impact is considered to be an important scenario. In phase 1, 

crush tests under certain conditions did not result in leakage. It is expected (see 

8.1) that impact of a blunt object on a hose results qualitatively in a similar 

deformation of a hose and thus leakage is not expected, subject to the impact 

energy applied. As such the amount of justification for this scenario can be 

reduced. It is proposed for phase 2 to include the impact scenario of a mass 

hanging in a crane that drops on a hose.  

3. Bending fatigue 

Leakage due to anticipated (normal) gradual degradation of a hose over service 

life due to fatigue will occur. After a certain service time, due to repeated/cyclic 

hose deformation, cracks in the pressure barrier can develop which causes 

leakage. These fatigue phenomena may start sooner when the hose is lightly 

damaged due to an impact.  

As the leakage after fatigue and the change on burst is to be investigated and 

not the time to leak, it is assumed that test temperature is less important 

parameter for the test. Therefore the test will be executed at ambient 

temperature. As fatigue of metal hoses is a common design concern, metal 

hose suppliers may already be in the possession of relevant data. Due to 

budget constraints, it is therefore proposed for phase 2 to investigate fatigue for 

composite hoses only. In phase 1 a 2” composite hose has been tested in 

tension where bending is for hoses a more dominant loading. Several questions 

were received whether tension fatigue would result in a similar “leak before 

burst” performance. It is proposed to check that in phase 2. 

4. Tensile load on hose and breakaway coupler 

Drifting of the vessel or a LNG trailer driving away from the transfer site, can 

load the hose and the systems connected to a combination of axial, bending 

and torsion loads. Actually such scenario has already occurred for LNG 

bunkering. The breakaway is to limit these loads. However, it is not known how 

effective these parts are under mixed loading conditions. Therefore it is 

proposed in phase 2 to test the “leak before burst” performance of hoses under 



 

COMMERCIEEL ONGERUBRICEERD 

COMMERCIEEL ONGERUBRICEERD | TNO report | TNO 2015 R 10689  64 / 71  

 an axial load and a combined axial and bending load. In addition it is proposed 

to include a breakaway in such test. 

5. Torsion load on hose 

Drifting of a vessel or a LNG trailer driving away from the transfer site, can load 

the hose and the systems connected to torsion loads. This is particularly 

expected for short length transfer systems (small length over diameter ratio). A 

metal hose supplier mentioned that the metal hose may not be strong under 

such loading conditions. It is proposed in phase 2 to test the torsion load 

performance on metal hoses.   

6. Kinking 

Kinking of a hose was proposed in the project proposal [1]. In the TEC meeting 

of April 2015, one of its members recommended to delete this scenario from the 

short list of tests as it was not likely to occur. Due to budget constraints it is 

proposed not to include kinking tests in phase 2.    

7. Cutting and wear 

Cutting and wear of a hose was proposed in the project proposal [1]. Both in the 

TEC and working group meetings it was suggested to drop this scenario from 

the short list as this type of damage is inspectable in service. It is proposed not 

to include cutting and wear tests in phase 2.  

8. High hose loads for short hoses 

When a relative short hose is connected between the offloading and receiving 

system (e.g. for bunkering or truck filling) a relative small excursion of the 

position of the connecting flanges from its nominal position, can result in high 

loads in the hose, on its end fittings and the connecting systems (including 

breakaway etc.). This could result in actuation of breakaway, prevent a 

breakaway to disconnect, or damage the connected systems upstream/ 

downstream of the hose flanges. No design rules exist that connects hose 

configuration/length to excursions to be expected in service and incidents. [1] 

proposes to develop (model based) simple design requirements validated by 

tests on some configurations. Though important, it is proposed to concentrate 

on proving leak before burst these tasks in phase 2.  

 

10.2 Experimental program 

Table 2 gives an overview of the proposed experimental program of phase 2. 

Subsequently the test procedures are outlined.  
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Table 2 Overview of proposed phase 2 test 

 

1. Crush on hose 
The hoses are squeezed in between two smooth stiff surfaces using a hydraulic 

cylinder: 

 Bring the hose to cryogenic temperature and pressure. 

 Squeeze the hose multiple times (3) and inspect on leakage. 

 When the hose is not leaking the test may be repeated on a different location. 

 Perform either ambient burst test or inspect for damage.  

Notes:  

 Subject to safety analyses of the test, the hose may be made pressureless 

before squeezing. 

 

Hose test samples: 

- 2” multi composite hose, Gutteling, 1 sample;  

- 2” metal hose brand A, 1 samples; 

- 2” metal hose brand B, 1 sample. 

2. Impact on hose 

- Select the impact object and (series of) energy level. Minimum energy level to 

be used: 20 [kg] x 1 [m] height. 

- Bring the hose to cryogenic temperature and pressure. 

- Impact the hose with a blunt object from a specified height. Inspect on leakage. 

- Perform either ambient burst test or inspect for damage.  

Notes:  

- Drop of small objects (e.g. tools) from low heights, are not considered.  

- Multiple impacts can be performed on one hose sample as long as the impact 

damages do not interfere. 

- Impact energy will be stepwise increased above 20 [kg] x 1 [m] until the point 

that the hose is significantly deformed. 

- Subject to safety analyses of the test, the hose may be made pressureless 

before impacting. 

Test hose technology supplier
diam 

[inch]

samples 

#

note

1 Crush (squeezing) composite Gutteling 2" 1

metal A 2" 1

metal B 2" 1

2 Impact composite Gutteling 2" 1

metal A 2" 2

metal B 2" 1

3 Bending fatigue composite Gutteling 2" 1

composite Gutteling 4" 1

4 Tension - axial composite Gutteling 2" 2 1 with breakaway coupler D

composite Gutteling 4" 2 1 with breakaway coupler D

metal A 2" 2 1 with breakaway coupler D

metal A 4" 1

metal B 2" 1

Tension + bending composite Gutteling 2" 2 1 with breakaway coupler D

metal A 2" 2 1 with breakaway coupler D

5 Torsion metal A 2" 1

metal B 2" 1
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 Hose test samples: 

- 2” multi composite hose, 1 sample; 

- 2” metal hose brand A, 2 samples; 

- 2” metal hose brand B, 1 sample. 

 

3. Bending fatigue 

 Impact the hose with a blunt object (to be detailed later). The impact energy 

shall be such that it results in acceptable visible/inspectable damage. However, 

the energy level to be used shall be 2 [kg] x 1 [m] height minimum. 

 Cyclic bend a short specimen, to which a small acceptable in-service damage is 

inflicted, until the hose starts to leak. The number of cycles in capped on 1x10
6 

cycles. 

 Quantify the leakage (if possible). 

 Perform ambient burst test.  

 

Hose test samples: 

- 2” multi composite hose, 1 sample, 

- 4” multi composite hose, 1 sample. 

 

Note:  

 Metal hose suppliers will be asked if they have relevant information on fatigue 

performance that they can share to complement  the results of these tests  

 

4. Tensile load on hose and breakaway coupler 

The maximum load that can occur in service is very much dependent on the 

situation as well as what part of the connected system can fail. The approach is 

therefore to load the hose separately and in combination with a breakaway until 

failure. This provides insight in the maximum loads that the system can resist before 

it fails and the failure mode.   

A. Pure axial load: 

- Bring the hose to cryogenic temperature. 

- Load the hose until failure. 

- Report failure mode and failure load. 

B. Combined bending and axial load: 

- The load is applied approximately 45° off axis. 

- Bring the hose to cryogenic temperature.  

- Load the hose until failure. 

- Report failure mode and failure load.  

Notes:  

 In consult with the working group Transfer Hoses the maximum load may be 

capped on for example 200 kN based on their assessment of extreme high 

loads that are not likely to occur for the incidents considered. 

 

Hose test samples: 

A. pure axial load: 

- 2” multi composite hose, 1 sample; 

- 2” multi composite hose + break away, 1 sample; 

- 4” multi composite hose, 1 sample; 

- 4” multi composite hose + break away, 1 sample; 

- 2” metal hose, brand A, 1 samples; 
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 - 2” metal hose + break away, 1 sample; 

- 2” metal hose, brand B, 1 samples; 

- 4” metal hose, 1 sample. 

B. Combined axial and bending load: 

- 2” multi composite hose, 1 sample; 

- 2” multi composite hose + break away, 1 sample; 

- 2” metal hose, 2 samples; 

- 2” metal hose + break away, 1 sample. 

 

5. Torsion load on hose 

A short, straight test specimen is loaded in torsion until leakage or extreme 

deformation occurs:  

- Bring the hose to cryogenic temperature.  

- Load the hose until leakage or large permanent deformation. 

- Report failure mode and test load. 

- Inspect on leakage. 

- Perform either ambient burst test or inspect for damage.  

Notes:  

 None. 

Hose test samples: 

- 2” metal hose brand A, 1 sample; 

- 2” metal hose brand B, 1 sample. 

10.3 Recommendations 

The phase 2 program presented above, which is focussed on further proving of 

“leak before burst” of hoses for several incident scenarios, is tailored to the budget 

of k€140. This includes reporting of the experiments but is exclusive of test 

samples. It is expected that hose and equipment manufacturers will provide the 

samples in-kind.  

 

RIVM has released a memorandum [4] concerning the usability the project results 

and the potential effects: 
- “RIVM schat in dat met fase 1 en fase 2 van de slangentesten een belangrijk 

deel van de voorzienbare faaloorzaken wordt onderzocht. Wij vinden dat de 

testen meerwaarde hebben ten aanzien van het vergroten van de kennis over 

het faalgedrag van LNG-slangen met het doel om de faalfrequenties van LNG-

slangen realistischer te kunnen schatten. Ook al is op dit moment nog 

onvoldoende bekend in welke mate de in de testen meegenomen faaloorzaken 

bijdragen aan het totaal van de faalkansen.”  

- “De rapportage van de testresultaten van fase 1 is naar de mening van RIVM 

zeker bruikbaar voor de onderbouwing van de aanpassing van de 

faalfrequenties van LNG-slangen.” 

- “De faalfrequentie voor breuk van de LNG-slang moet tenminste met een factor 

10 worden gereduceerd om een vergelijkbaar PR 10
-6

 afstand te realiseren als 

bij het toepassen van een ESD-systeem met een responstijd van 5 seconden.“ 

In view of the very positive results of phase 1, the observed lack of knowledge on 

LNG hose failures, the current external safety distances that limits deployment of 

small scale LNG, and the expected positive results of phase 2 experiments, it is 

highly recommended to execute phase 2.  



 

COMMERCIEEL ONGERUBRICEERD 

COMMERCIEEL ONGERUBRICEERD | TNO report | TNO 2015 R 10689  68 / 71  

 11 References 

[1] Memorandum TKI Gas LNG-hose-issue 4, TNO, 1 September 2014 

[2] LNG TEC Best Available Technology for small scale LNG transfer  

[3] Qualification report of an 8” composite hose for LNG STS in accordance with EN 1474-2: 

Qualification report; TNO-034-DTM-2009-00733. Propriatary Gutteling 

[4] Informatie ten behoeve van de besluitvorming over het wel of niet uitvoeren van fase 2 van het 

testprogramma van LNG-slangen, RIVM, VLH20150062 EG, 08-05-2015 



 

COMMERCIEEL ONGERUBRICEERD 

COMMERCIEEL ONGERUBRICEERD | TNO report | TNO 2015 R 10689  69 / 71  

 12 Acknowledgements 

The parties participating in the Transfer Hose Working Group, being a 

representatives of the Technische Evaluatie Commissie: Linard Velgersdijk of Gate 

Terminal; Luc Vijgen of DCMR; Bert Wolting of RIVM, are thanked for their efforts in 

guiding the project and providing valuable input to the test program and test 

procedures.  

 

The hose manufacturers/suppliers: Sander Verweij of Gutteling B.V.; Herman van 

den Bogaert of Witzenmann; Ruud van den Noort of Imbema-Cleton; Eric 

Wintrebert of BOA, are thanked for providing the hose test samples in-kind, 

witnessing the crush test, and commenting on the test results. Further Gutteling is 

thanked for executing the burst test on their hoses. 

 



COMMERCIEEL ONGERUBRICEERD 1 TNO report 1 TNO 2015 R 10689 70171

13 Signature

Author:”\

1 HC
--5

‘\ \Â
G.c\ia4der Weijde

Visa:

M. Spruijt
Projectleader

Author:

C.W. Klootwijk

Approval:

S.H.J.A. Vossen
Research Manager Structural Dynamics

COMMERCIEEL ONGERUBRICEERD



 

COMMERCIEEL ONGERUBRICEERD 

COMMERCIEEL ONGERUBRICEERD | TNO report | TNO 2015 R 10689  71 / 71  

 A  Results of pre-study 

 

The result of the pre-study with respect to credible and potential critical incident 

scenarios is reported in the PowerPoint slides below. It includes a proposal for a 

series of tests to substantiate leak before failure.  
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LNG safety program – Activity 5
failure of transfer hoses – pre study
(January 2015)

Gerard van der Weijde

Incidents/ normal operation conditions 
considered

Truck loading
Incident

Crush by wheel
Truck moving: Axial strength + kinking; break away load limiter

Normal operation: cutting/wear, fatigue
Short hose issue

Truck filling:
Incident

Crush by wheel
Truck moving: Axial strength + kinking;  break away load limiter

Normal operation: cutting/wear, fatigue
Short hose issue

Bunkering by trailer:
Incident

Crush by wheel/quay
Truck/ship moving: Axial strength, kinking; break away load limiter

Normal operation: cutting/wear, fatigue
Bunkering by  bunker vessel:

Incident
Crush by vessels
Ships moving: Axial strength, break away load limiter

Normal operation: cutting/ wear, fatigue
Short hose issue

August 29, 2012
Gerard van der Weijde
Key element LNG offloading
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Failure phenomena to be considered-
composites
1 Crush/impact + limited handling bending  loads

Confirm experience on 8” composite hose (request Gutteling permission to use that 
data)
Prove leak before failure completely crushed/impacted hoses; quantify leak size; 
execute residual burst test; 1” expected to be more critical than 4”
Prove damage detectability for small(er) crush/impact damage sizes than completely 
crushed
Prove supplier independency (“applies for technology rather than brand”)

2     Fatigue: 
Assumptions

Fatigue service life is unknown but fatigue failure will eventually occur: consider both thermal cycle 
fatigue and bending fatigue 
Bending fatigue is more critical than thermal cycling (review/specify end fitting details). Bending 
fatigue can be simulated by axial fatigue. 

Confirm experience on 8” composite hose (request Gutteling permission to use that 
data)
Prove leak before failure; quantify leak size; execute residual burst test; 1” expected to 
be more critical than 4”
Prove damage detectability and gradual damage growth (inexperienced persons may 
miss damage, allow operators to act)
Prove supplier independency (“applies for technology rather than brand”)

August 29, 2012
Gerard van der Weijde
Key element LNG offloading
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3    Axial strength
Prove axial strength is related to burst pressure test (“applies for technology rather than 

brand”)

Prove break away actuation will prevent hose axial/bending failure occurring 

4  Kinking combined with high axial load
Prove leak before failure or actuation of break away (new aspect); quantify leak size

Test residual burst pressure

Prove supplier independency: review/verify end fitting design details 

5  Cutting/wear: deterioration of outer plies
Damage outer fabric layers and 10% of polymeric plies and prove a) damage detectability 

and b) remaining burst pressure

1” expected to be more critical than 4”

Prove supplier independency (“applies for technology rather than brand”)

Failure phenomena to be considered-
composites

August 29, 2012
Gerard van der Weijde
Key element LNG offloading
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11     Crush/impact + limited handling bending  loads
Prove leak before failure completely crushed/impacted hoses; quantify leak size; 
Verify diameter dependency test both 1” and 4”
Prove damage detectability for small(er) crush/impact damage sizes than completely crushed
Prove supplier independency (“applies for technology rather than brand”)

12      Fatigue: 
Assumptions

Fatigue service life is unknown but fatigue failure will eventually occur: only bending fatigue is relevant 
Bending fatigue can not be simulated by axial fatigue. 

Prove leak before failure; quantify leak size; execute burst test
Prove damage detectability and gradual damage growth (inexperienced persons may miss damage, allow 
operators to act)
Prove supplier independency (“applies for technology rather than brand”)

13      Axial strength
Prove axial strength is related to burst pressure test (“applies for technology rather than brand”)
Prove break away actuation will prevent hose axial/bending failure occurring 

14      Kinking combined with high axial load
Prove leak before failure or actuation of break away (new aspect); quantify leak size
Test residual burst pressure
Prove supplier independency

15    Cutting/wear: deterioration of outer plies
Damage outer braiding and prove a) damage detectability and b) remaining burst pressure; 4” more critical (?)
Prove supplier independency (“applies for technology rather than brand”)

Failure phenomena to be considered-
metal corrugated hose

August 29, 2012
Gerard van der Weijde
Key element LNG offloading
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Leak – hole diameter

Leak measurement
Failed hoses with large defect areas to be quantified with water release

Failed hose with small defect areas

Quantify leakage of water if possible

Dry the hose and subsequently measure GAN leakage and LIN leakage (in m3/min)

Hole diameter to be used in QRA

Calculate fictive hole diameter in a rigid pipe that release an equivalent amount of 

water/GAN/LIN

RIVM: “leak is any hole <10% diameter (for large diameters max to 50 mm)”

August 29, 2012
Gerard van der Weijde
Key element LNG offloading
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Extent of program
Composite hoses

Hose specification tbd. (review 3 or 18 barg operating pressure)
Base line composite hose: 

Diameter 1” and 4”
Repetition on 2 (-3?) specimens (test repeatability of results)

Alternative supplier (if available with different end fitting design); included to “prove” supplier 
independency of several results  

Diameter 1” and 4”
Repetition on 2 (-3?) specimens

Metal hoses
Hose specification tbd. (review 3 or 18 barg operating pressure), common hose used in such operations

Braiding = light reinforcement
Base line metal hose: 

Diameter 1” and 4”
Repetition on 2 (-3?) specimens (test repeatability of results)

Alternative supplier (if available with different end fitting design) 
Diameter 1” and 4”
Repetition on 2 (-3?) specimens

Issue: does this sufficiently cover the brands 
available?; shall a minimum performance 
requirement be in place? 

Recommendation RIVM: include 
dispenser/connections from and to tanks 

August 29, 2012
Gerard van der Weijde
Key element LNG offloading
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Test matrix hose failures

S1, S2: composite hose manufacturers
M1, M2: metal hose manufacturer
Samples: number of hose samples
Tests: number of tests executed

August 29, 2012
Gerard van der Weijde
Key element LNG offloading
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composite hose supplier

diam 

[inch]

samples 

#

tests # supplier diam 

[inch]

samples 

#

tests #

1 crush/impact S1 1 2 6 S2 1 or 4 1 3

S1 2 or 4 1

2 fatigue S1 1 3 3 S2 1 or 4 1 1

S1 2 or 4 3 1

3 axial strength S1 1 1 1 S2 1 1 1

S1 4 1 1 S2 4 1 1

S1 1 or 4 1 1 plus beak away

4 Kinking S1 1 1 1 S2 1 or 4 1 1

S1 4 1 1

5 cutting/wear S1 1 1 2 S2 1 1 2

metal hose supplier

diam 

[inch]

samples 

#

tests # supplier diam 

[inch]

samples 

#

tests #

11 crush/impact M1 1 2 6 M2 1 or 4 1 3

12 fatigue M1 1 3 3 M2 1 or 4 1 1

M1 4 1 1

13 axial strength M1 1 1 1 M2 1 1 1

M1 4 1 1 M2 4 1 1

M1 1 or 4 1 1 plus beak away

14 Kinking M1 1 1 1 M2 1 or 4 1 1

M1 4 1 1

15 cutting/wear M1 4 1 2 M2 4 1 2

Feasibility study



TNO LNG safety program Activity 5: transfer 

hose

12-7-2014 

5

Test procedure - composite

To be detailed

Pictures below: similar tests executed on 8”Gutteling hose

August 29, 2012
Gerard van der Weijde
Key element LNG offloading
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Test procedure - metal

To be detailed

August 29, 2012
Gerard van der Weijde
Key element LNG offloading
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Minimum hose length and dispenser load 
requirements: “short hose issue”

Background:
The difference in x,y,z position of the up- and down-stream end fitting can for short hoses 
result in

local small bending curvatures resulting in over-stressed areas causing early fatigue
Too high loads on the dispenser/ESD system causing wear or inability to operate ESD

No models/specifications exist for minimized hose length dependent on their stiffness and by 
that prevent high loads on equipment and early fatigue
Absence of requirements on hose length can affect failure frequencies

Experimental program:
Determine bending and torsional stiffness and end fitting loads for 1”, 2” and 4” hoses
Model verification test on 2 possible transfer system configuration for 1”, 2” and 4” hoses (one 
bending dominantly; second combination of bending an d torsion)
Consider pressure 1-5-10-20 bar; consider ambient and -162C

Translate test results in information to be used by industry
Determine model parameters (TNO’s existing model)
Calculate(/estimate) loads and local curvatures for series of common transfer configurations
Generate graphs for minimum hose length and end fitting loads 

August 29, 2012
Gerard van der Weijde
Key element LNG offloading
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Test matrix hose stiffness

S1, S2: composite hose manufacturers
M1, M2: metal hose manufacturer
Diameter: hose bore diameter in inches
Samples: number of hose samples
Tests: number of tests executed

Test to be executed:
- Bending stiffness (in “fatigue test set up)
- Torsion stiffness
- Axial stiffness (in torsion stiffness set up)

minimum hose length ….supplier

diam 

[inch]

samples 

#

tests # supplier diam 

[inch]

samples 

#

tests #

stiffness test S1 1 1 1 S2 1 1 1

S1 2 1 1

S1 4 1 1 S2 4 1 1

stiffness test M1 1 1 1 M2 1 1 1

M1 2 1 1

M1 4 1 1 M2 4 1 1

August 29, 2012
Gerard van der Weijde
Key element LNG offloading
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Transfer system configuration to be considered

Typical tank station situation, dominantly bending; absence of torsion

Typical shore/ship to ship bunkering situation: combination of bending and torsion

Hoses to be tested

1”, 2”, 4”; both metal and composite

Hose length is “short” but representative for transfer situation

End fitting loads will be measured
Test conditions: Rt/cryogenic; pressure

Comparison of measured loads and model loads

Generating loads into graphs for hose length and end fitting loads

Test matrix hose stiffness verification

August 29, 2012
Gerard van der Weijde
Key element LNG offloading
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Phase 1
WP1 Feasibility leak before burst: testing 52
WP2 Critical incidents and state of the art 11
WP3 Report and review 10

73
Phase 2 (provisional)
WP4 Test procedures and standards 12
WP5 Test matrix and detailed test procedures 10
WP6 Testing 218
WP7 Review, Model and reporting 41
WP8 Dissemination 3

284
357

Cost estimate

Cost in k€, excluded: costs for hoses, break away

August 29, 2012
Gerard van der Weijde
Key element LNG offloading
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Schedule

WP1-WP3:     3 months

WP6: 3 months 

WP4, 5, 7, 8:  2 months

subject to 

availability WG1 transfer hoses

long lead items for test rig parts 

lab capacity

decision process TEC/Steering group

August 29, 2012
Gerard van der Weijde
Key element LNG offloading
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Results

Experimental verification of leak before failure
Leak sizes in terms of hole diameter (releasing liquid)

Residual burst strength

Short hose length issue-> graphs on hose length and 
dispenser loads
Recommendation in-service inspections

August 29, 2012
Gerard van der Weijde
Key element LNG offloading
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Back-up slides

August 29, 2012
Gerard van der Weijde
Key element LNG offloading
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Lacking knowledge / information

Extrapolation possible?

Can 8”data be used for 1.5-4” composite hoses and other brands?

How does composite - metal hoses compare and compare to arms?

Specific operation conditions: effect on multiple transfers without 

hoses reaching ambient/dry conditions

Information lacking

Little/no information leak rate and damage growth over time.

Example fatigue failure

Absence of models to translate test conditions to service conditions

Shape - stress state? 

relevant for “short” hoses: sts-bunkering and truck fuelling. 

How to evaluate a particular design solution?

August 29, 2012
Gerard van der Weijde
Key element LNG offloading
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Research questions

1. What service conditions and incidents need to be considered for 

systems/operations?

2. What will be the likely failure modes?

3. What test data on failure modes is available (literature/ partners)?

4. What are the governing incidents/service conditions and failure 

modes to be tested in view of existing knowledge of hoses?

5. How shall the incident/conditions be simulated in tests and how shall 

the expected LNG spill be estimated?

6. What standards (/test protocols) are available for such tests and 

what changes are required?

August 29, 2012
Gerard van der Weijde
Key element LNG offloading
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Research questions

7. How can the limited number of tests executed be extrapolated to the 

generalize results to all conditions to be considered and what are 

the limitations? 

8. How can a practical model be developed to address the short hose 

length concern and is it feasible to include requirements in a 

standard?

9. How compares the composite hose to the metal hose with respect to 

failure modes and spill?

10.What is the recommended test procedure/program for (future) 

assessment of failure modes and spill for transfer systems?

August 29, 2012
Gerard van der Weijde
Key element LNG offloading
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External input

DNV: HAZID (DNV xxxx)

RIVM: Damage scenarios and failure frequencies of LPG hoses

TNO: Best Available Technology (TNO xxxxx)

RIVM/ TEC: review/comment on test specification and test plan

TEC: acceptance of test plan

Company IPR

Gutteling test program (if released by Gutteling)

xxxxxx

August 29, 2012
Gerard van der Weijde
Key element LNG offloading
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WP 1 critical incidents and service conditions

(Research Question 1, 2, 3, 4)

Input from 

LPG systems: damage scenarios; frequency of occurrence

HAZID results

operational conditions (forces, pressures, temperatures, etc.) 

existing knowledge on the behaviour of hoses

Results

inventory of failure scenarios and possible failure modes 

specification of possible critical incidents or service conditions to be 

tested in addition to information available

August 29, 2012
Gerard van der Weijde
Key element LNG offloading
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WP2 Provisional procedure and test matrix 

Test procedure
Evaluation of existing standards, 
Literature and expert judgment 
Results: provisional test procedure

Practical approach to short hoses
Inventory of options and recommendation

Test matrix
if/how a limited number of tests can be generalized
what condition of test parameters (types of hoses, diameters, …….) to be 
included 

Results:
Provisional test procedure and test matrix 

This is translated into outlines of test procedure and the proposes test matrix 
to be reviewed by the TEC along with it limitations and boundary conditions. 
(Research Question 5, 6, 7, 8) 

August 29, 2012
Gerard van der Weijde
Key element LNG offloading
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Example input to test matrix – damage scenarios
General for all operations

Normal operation : 
Wear of outer layer on pavement, deck, etc
Small impact inducing acceptable/invisible initial damage
Bending fatigue near straight hose and/or bended hose? 

Operation error : 
Small bend radius at end fitting (ref tank station experience) 

Incident: 
Pull/bending (icm break away): unconnected truck/car/vessel depart.
impact/cutting with sharp object (“knive”, vandalism)
overpressure 50 bar? (corrugated hose, composite hose dependent on end fitting)

Note: Improper connection of valves/flanges, fire not considered
Tank station

Incident: Truck/car wheel crushing
Bunkering

Operation error: Kinking at railing/quay
Operation error: Hoisting with rope
Incident: large impact with blunt object plus limited subsequent bending
Incident: large crushing plus limited subsequent bending

August 29, 2012
Gerard van der Weijde
Key element LNG offloading
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Example input to test matrix – damage scenarios

Considerations in weighing the importance of damage scenarios
Composite hoses: 

burst/full rupture before leakage is unlikely subject to end fitting design
certain failures (pull/burst strength, xxxxx) are unlikely due to being over dimensioned products 
fatigue is a known failure mechanism but not quantifiable easily. Fatigue life (=number of cycles versus load) will not 
be investigated, but leakage amount before failure will be investigated
small impact damage will likely shorten service life but will not change the failure mode nor the spill.
The composite hose (short length) is assumed to be more stiff than a metal hose, generating more loads in the hose 
and on the appendices.
etc

Metal corrugated hoses
Flexiblility of hoses (and its fatigue life in a certain application) depends on type of corrugation and potentially also 
on the fabrication process.
A small impact damage on the tube is assumed to considerably shorten the service life. It is assumed that it will not 
change the failure mode.
The progression of fatigue failure over service life is expected to be much faster than for composite hoses, 
limiting/minimizing the reaction time of trained personnel (ref unmanned tank stations)
The spill of a metal hose is expected to be significant larger than for a composite hose.  
etc

Not to be considered in scenarios
Surge pressures: to be covered by remaining pressure resistance test
Mall functioning of valves etc (ice formation), included in the form on not being able to disconnect (pull/bending)

August 29, 2012
Gerard van der Weijde
Key element LNG offloading
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Test matrix

Considerations

Include several classes of transfer hoses/tubes

Provide evidence 

(largely/likely) manufacturer independent results

results of a scenario are repeatable, insensitive to detailed 

conditions

August 29, 2012
Gerard van der Weijde
Key element LNG offloading
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Extend of program

Diameter range 1 and 4”

Types of metal hoses: normal in use, fragile option

Supplier: minimum 2, technology approach

Repetition:

Repeatability on technology level

3 from 1 middle of the road supplier

Confirmation other brand 

August 29, 2012
Gerard van der Weijde
Key element LNG offloading
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