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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 wordt aangenomen. De aanpak is aan te tonen 

dat er relevante faalscenario’s zijn voor enkele op slangen gebaseerde overslag-

systemen die wellicht leiden tot lekkage maar niet tot slangbreuk. Gehoopt wordt 

dat de autoriteiten deze informatie kunnen gebruiken in hun QRA-

berekeningsprocedures om kleinere veiligheidsafstanden te motiveren. Het project 

is uitgevoerd in twee fases. In de eerste fase is aangetoond dat voor enkele typen 

slangen er incident-scenario’s zijn die niet leiden tot slangbreuk. TNO rapport 2015 

R 10689 rapport deze resultaten. Op basis van dit resultaat is besloten in een 

tweede fase aanvullende proeven uit te voeren. De resultaten van deze proeven 

worden in dit document gerapporteerd.  

 

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 de tweede fase van het project 

is ondersteund door de slangenleverancier Gutteling B.V, door middel van het gratis 

leveren van slangen en het uitvoeren van barsttesten. 

  

In de eerste fase is ondermeer verkend of een composiet-slang, nadat de slang is 

gaan lekken door vermoeiing, vervolgens zou kunnen barsten. In de tweede fase is 

de onderbouwing verdiept. De barstdruk na vermoeiing blijkt hoger te liggen dan de 

maximale werkdruk. Degradatie van de sterkte van een composietslang door 

vermoeiing zal zeker (in meer of mindere mate) optreden. Het is aannemelijk dat 

grote vermoeiingsschade van composiet slangen leidt tot onder 

praktijkomstandigheden duidelijk waarneembare lekkage waarbij de rest-

barststerkte hoger is dan de maximale werkdrukken bij overslag. Het is daarom 

aannemelijk dat voor dit scenario slangbreuk uitgesloten kan worden. 
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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 fueling- and bunker operations are for an important part determined by gross 

failure (rupture) of transfer hoses or loading arms. The calculation models to 

determine the safety distances uses certain failure scenarios coupled with a 

probability of occurrence. 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 or NG outflow can be substantiated. The approach is to prove that there 

are credible failure scenarios that may result in leakage but not to full bore rupture. 

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 project is executed in two phases. In the first 

phase it has been proven that, for several hoses, two incident scenarios do not 

necessarily result in full bore rupture. These results are reported in TNO report 

2015 R 10689  [2]. Based on these results it was decided to execute additional tests 

in the second phase of the project to strengthen the results. This report documents 

the result of the second phase.  

 

The project is executed for the 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 

second phase is detailed in consult with this working group. The execution of the 

test is supported by the hose supplier Gutteling B.V by providing hose samples in-

kind and executing burst tests. 

  

In the first phase it is showed that fatigue failure of a composite hose may result in 

leakage but not necessarily in full bore rupture. Fatigue, being an almost certain 

hose degradation scenario, is further investigated in phase 2. Four composite hoses 

were fatigue loaded until server leakage was present. The residual burst strength of 

these fatigued hoses appears to be higher than the maximum operating pressure. 

Thus it has been demonstrated that significant fatigue damage to the hose will lead 

to leakage that will very likely be detected under operating conditions where the 

remaining pressure capacity is higher than the maximum operating pressures. It is 

therefore reasonable to assume that hose rupture will not occur for this scenario.  
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 1 Abbreviations 

GAN    Gaseous Nitrogen 

LIN    Liquefied Nitrogen 

LNG    Liquefied Natural Gas 

NG    Natural Gas 

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 fueling- and 

bunker operations are for an important part determined by gross failure (rupture) of transfer 

hoses or loading arms. The failure frequencies used in QRAs for these hoses are based on 

casuistic data of LPG hose failures
1
 as failure rates on LNG hoses do not exist. 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. This project 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 two phases with a review and go/no-go decision in between. The 

results of the first phase are reported in TNO report 2015 R 10689 [2]. This document 

describes the second phase of the project which aims to further substantiate that leak before 

burst is the expected response of composite hoses subjected to fatigue loads. 

 

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

“Project-phase-2” refers to respectively the first and second phase of the project. Chapter 3 

summarizes the aim and scope of project-phase-2. Chapter 4 outlines the execution process 

and motivates changes made to the project scope. Chapter 5 reports the results of the tests. 

Chapter 6 discusses the test results and Chapter 7 reviews the Project and reflects on the 

research questions listed in the project plan. Chapter 8 draws conclusions on the Project and 

Chapter 9 lists items that may need to be studied to close remaining gaps. 

                                                      
1 http://www.rivm.nl/dsresource?objectid=rivmp:271230&type=org&disposition=inline  2015 
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 3 Project definition 

The project is defined in [1] and further detailed in [2]. The latter report also describes the 

scope for phase 2.  

3.1 Aim phase 2 

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-2 is to prove “leak before burst” for 

some credible incident scenarios in addition to what has been proven in the Project-phase-1. 

3.2 Scope phase 2 as presented to the LNG Safety Platform 

The scope of Project-phase-2 presented in [2] and has been accepted by the LNG Safety 

Platform and is summarized in [2]. However, the budget available for this phase was not 

sufficient to execute all tests. The TEC tasked the hose working group to prioritise tests to fit 

the budget. 

Table 1 Priortised lists of incident scenarios to be tested in Project-phase-2 

 

3.3 Further scope priorisation by the hose working group 

The hose working group has discussed the various scenarios in order to prioritise tests. The 

result of this discussion is summarized in Table 1. 

 

Crush and impact tests 

In phase 1 both metal and composite hoses were crushed by a trailer wheel. Other crushing 

scenarios may occur in service. Impact on a hose (for example a falling object) can result in a 
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 similar damage as crushing. The working group decided to give a low priority to other crush 

and impact scenarios for the following reasons: 

- For composite hoses: burst is very unlikely to occur, even leakage may not occur. 

- For metal hoses: a single impact or crush will likely not result in burst. Repeating 

crushing/impacting in one incident may result in leakage/burst due to low cycle 

fatigue phenomena.  

Axial loads on hoses and breakaway 

Hoses and couplers/valves connected to each other can in an incident be subjected to high 

axial loads, torsion, bending, shear and combinations thereof. The working group discussed 

and decided as follows:  

- Incidents with pure axial loads can be easily judged by pressure test data. There is 

likely sufficient design and test data present for axial loaded breakaway couplers for 

pure axial loads. The decision therefore was not to consider pure axial loads. 

- Strength data of hose and/or response of breakaway under a combined 

bending/tension/torsion load is likely not available. The likelihood of occurrence and 

the assessment that it may not result in full bore rupture made the working group 

decide to lower the priority. 

- In a later stage various operators were contacted on break away. They reported that 

either no breakaway or an activated breakaway is installed. 

Failures of valves and flanges 

Components connected to the transfer hose, such as valves and flanges, may fail in an 

incident resulting in full bore rupture. From services experiences the chance is high that parts 

starts leaking during transfer due to thermal shrinkage effects. This is due to the fact that 

these parts are connected/ disconnected every time in a transfer operation. Full bore rupture 

however was judged to be unlikely. Moreover the technology (stainless steel) used for these 

parts allows likely a model based performance prediction. Therefore the working group 

decided not to test such parts. 

 

Fatigue of hoses 

Fatigue of hoses is a phenomenon that certainly will occur when hoses are long enough in 

service or when promoted by handling damage (e.g. a dent in the corrugation of a metal hose 

is an initiator of early fatigue cracks). The main causes for fatigue are deformations due to 

pressurization and hose bending. It was judged that the bending deformation is a more 

dominant and/or more frequent occurring deformation than pressurization. The working group 

decided as follows: 

1 Though the response for both composite and metal hose is of interest, the choice of 

the working group is to deepen the understanding of the composite hose behavior 

rather than producing some inconclusive information on metal hoses.  

2 In phase 1 leak before burst was proven on one sample of a 2” composite hose for 

which the fatigue damage was induced at ambient temperature and in axial loading. 

Being a “certain” scenario the question was raised whether another test sample 

would result in the same residual strength and whether other hose diameters will 

have a similar behavior.  

It was therefore decided:  

3 To prioritise fatigue of composite hoses under cryogenic conditions. It was preferred 

to execute cryogenic fatigue in bending. However, axial fatigue is an acceptable 

alternative as it may result in similar damage. It was decided to focus on cryogenic 
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 axial fatigue because of the large uncertainty in the bending fatigue test lead time and 

the corresponding higher costs. 

4 The wall of a composite hose with a larger diameter will have a different design: the 

number of film and fabric plies per stack will be larger and the total number of stacks 

may be higher. This may result in a different failure behavior compared to what has 

been observed on the 2” hose. The working group decided to prioritize “diameter 

dependency” as it allows extrapolating test results to other diameters.  

5 The working group assumed that composite hoses similar to the Gutteling hose, 

features similar materials and manufacturing technologies. It was therefore assumed 

that other composite hose brands, featuring a similar end fitting design, may result in 

similar failure mechanisms though the level of when and how it develop may 

significantly differ. For this reason and the preference to deepen the understanding of 

the performance of one brand, the working group decided not to test other brands.  

6 For fatigue of metal hoses it was decided to try retrieving relevant information from 

hose manufacturers and/or do burst tests on hoses fatigued by manufacturers. 

Based on the reasoning above the decision was to prioritize testing of 2” and 4” multi 

composite LNG hoses of Gutteling in axial fatigue until leakage with the purpose: 

1 To prove that the findings on the 2” hose tested in phase-1 are typical results. 

2 To provide evidence that the ambient fatigue failure mechanism of composite hoses 

are similar for all diameters. 

3 To find cyclic loading conditions at ambient temperature that relatively quickly results 

in leakage in order to minimize test time at cryogenic conditions. 

4 To provide evidence that cryogenic axial fatigue provides a similar failure 

mechanism and residual strength as ambient fatigue.  

5 To provide evidence that leakage of hoses are readily detectable by operators under 

normal operating conditions. 
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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 phase 2; 

- 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.  

- GDF-Suez:  Mr  B. Groothuis. 

- TNO:     Mr  G. van der Weijde.  

 
Interaction with the working group: 

- Kickoff meeting: to prioritise tests and to details of the test. 

- Two teleconference meetings: discussion of fatigue test results and progress in 

phase 2. 

- Regular updates of status through emails. 

- Review of the draft report. 

4.2 Scope modifications 

The Steering Committee requested the hose working group to critically review the phase 2 

and detail the scope to match the budget. The result of the priorisation process is reported in 

chapter 3.  

4.3 Execution 

The project-phase-2 has been executed stepwise to optimize the outcome in view of the 

budget. This resulted in a slightly longer lead-time however. After having executed the axial 

fatigue tests and evaluation of the test results, some budget was left which was used to test a 

composite hose in cryogenic bending. 
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 5 Composite hose response to fatigue degradation 

5.1 Description of tests 

The purpose of the test is to prove “leak before burst” for the scenario that fatigue degradation 

is induced at normal operating conditions. The test consists of the following steps: 

- Induce fatigue damage to a composite hose that results in leakage that can be 

readily detected during service. 

- Assess the remaining pressure resistance and 

- characterize the damage in terms of size and location. 

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. This paragraph describes the test rigs and the test procedures used.   

5.1.1 Fatigue test rigs 

Three types of test have been executed: ambient axial fatigue, cryogenic axial fatigue, and 

cryogenic bending fatigue. The test set up used in phase 1 is reported here as well for the 

ease of reading the conclusions. 

 

Ambient axial fatigue test rig for 2” hose (phase 1) 

The hose is horizontally positioned in the test setup, see Figure 1. During the fatigue test the 

hose is pressurized with air at ambient temperature. A pneumatic cylinder applies a cyclic 

tensile 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 internal pressure and tensile force, the 

hose will be stretched in longitudinal direction. The cyclic tensile force induces the fatigue 

degradation. A pressure sensor monitors the pressure. When the pressure drops under a 

certain level due to leakage, a valve opens and supplies additional air. The time interval of 

opening of this valve is used as indicator of (growths) of leakage.  

 

Figure 1:  Gutteling 2” hose in ambient (tensile) fatigue test rig. 

 

Ambient axial fatigue test rig for 4” hose 

The 4” hoses have been tested in a standard hydraulic axial test bench (1MNewton test 

capacity) with the hose in vertically position. During the fatigue test the hose is pressurized 

with air at ambient temperature. Both the bottom and top end fitting cannot rotate. The fixture 
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 was designed such that small compression force could be applied to the hose. A pressure 

sensor monitors the pressure. When the pressure drops under a certain level due to leakage, 

a valve opens and supplies additional air. The time interval of opening of this valve is used as 

indicator of (growths) of leakage.  

 

Cryogenic axial fatigue test rig for 2” hose 

The hose is vertically positioned in the test setup, see Figure 2. During the fatigue test the 

hose is pressurized with LIN/GAN. Both temperature and pressure inside the hose are 

monitored. A hydraulic cylinder applies a cyclic load at the top side, while the bottom side is 

fixed to a frame. In this test rig both tensile and compression cyclic forces can be applied. The 

hose is allowed to rotate at the top end fitting. At higher compression loads the hose starts to 

buckle. As this result in an uneven distribution of deformation over the hose length, the 

compression force was set such that buckling did not occur. Due to the pressure and axial 

force, the hose will be cyclic stretched in longitudinal direction to induce the fatigue 

degradation. 

 

 

Figure 2: Cryogenic axial fatigue test rig with 2” 

Gutteling hose. 

 

 

 

Figure 3: Cryogenic bending fatigue test rig with 

2” Gutteling. 

 

Cryogenic bending fatigue test rig 

The hose is vertically positioned in the test setup, see Figure 3. The hose end fitting is fixed at 

the top end fitting. The bottom end fitting is connected to a rotating disk through a cardan. A 

bearing at the top of the cardan prevents inducing torsion to the hose. Rotation of the disk 

results in rotation of the bottom end fitting and thus in cyclic bending of the hose. The wooden 

block at the top end fitting served as a bend restrictor. During the fatigue test the hose is 

pressurized with LIN/GAN. Both temperature and pressure inside the hose are monitored.  
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 5.1.2 Monitoring of progression of fatigue damage  

The progression of fatigue damage for tests at ambient temperatures is monitored by: 

1. a flow meter connected to a plastic tube around the hose circumference that is sealed 

on the hose end fittings or 

2. monitoring of the pressure drop over time while the hose is not loaded with an 

external axial force. 

For the cryogenic fatigue tests the amount of damage is monitored by: 

1. a leak detector spray when the hose was still/again at ambient temperature; 

2. visual signs of LIN/GAN escaping from the hose surface and indications a lower O2 

concentration near the hose surface. 

5.1.3 LIN leak tests  

All fatigued hoses, except the hose tested in phase 1, have been leak tested with LIN/GAN. 

The intention was to fully cool down these hoses and to pressurize the hose until a pressure 

that was judged to be safe. In this test visually inspection combined with O2-meter was used 

to detect leakage.   

5.1.4 Residual pressure capacity 

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

was stopped when the pressure dropped due to a sudden increase of leakage/burst or when 

the pressure could not be further increased due the flow rate of the pump. The tests are 

executed by Gutteling at its facility in Rotterdam. All tests have been witnessed by TNO. 

Figure 5 shows an example of the test set up. 

5.1.5 Assessment of fatigue damage  

After having pressure tested the hoses with water, the hose wall was cut in longitudinal 

direction and radially near its end fittings. The fabric and film stacks were visually inspected 

on damage. Figure shows an example. The stacks are numbered starting from the inner 

(liquid) side of the hose. 

5.2 Hose products tested in phase 2 

1  2” multi composite LNG hose  

  Brand: Gutteling  

Product number: Multi-LNG White 2"- 281039375050. 

Rate maximum working pressure 21 barg.  

 

2  4” multi composite LNG hose  

  Brand: Gutteling  

  Product number: Multi-LNG White 4"- 281039375100 

Rate maximum working pressure 21 barg.  

5.3 Axial fatigue test results 

5.3.1 2” hose tested at room temperature (2”-RT-1) 

A 2” Gutteling composite LNG hose with a length of 27 cm has been tested in phase 1 of the 

project. The test and its results are summarized in this report for reasons of the ease of 

reading and interpretation of the results. Details of the tests are reported in [2]. 
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 The hose was subjected to the following loads in the test rig shown in Figure 1:  

 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 first one million cycles; 

 minimum force 0.1 kN, maximum force 3 kN for subsequent three million cycles. 

 

The frequency of the cyclic axial load varied between 1 and 2 Herz. The test is executed at 

ambient temperature (21± 2 °C). Note: For reasons of reference, an axial load of 3 kN provide 

the same end fitting load as a hose pressurized to 15 [barg]. The burst pressure of the hose is 

approximately 140 barg. 

 

Barely visible damage is inflicted after the first series of one million cycles by impacting the 

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

was leak tested with air only for reasons of safety, as the remaining burst strength was not 

known. 

 

Test results 

Observations during fatigue damage application: 

1. After the first series of one million cycles no leakage was observed. 

2. After two million further load cycles some leakage of air was observed at one of the 

end fittings. 

3. After an additional one million cycles the leak rate was increased to a level that 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, see Figure 4. 

 

The leak rate of air at ambient condition was measured and amount approximately 0.6 l/min. 

Therefore the fatigue test was stopped after a total of four million 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. 

 

 

Figure 4: Significant leakage over the hose surface on the Gutteling 2” hose after a total of four million load 

cycles (sample 2”-RT-1). 

 

The residual pressure test resulted in: 

1 Almost instantaneously (at low pressures) some leakage of water. 
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 2 At relatively low pressures (order of magnitude 10 barg) a fine mist of water was 

observed. When the pressure increased, both the leakage and the mist increased, see 

Figure 5. 

3 The 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.  

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

see Figure 6. 

 

The damage of the film and fabric stacks has not been assessed for this hose. 

 

 

Figure 5: Water pressure test of 2” Gutteling hose with fatigue damage pressurised at approximately 

100 barg (sample 2”-RT-1). 

 

 

Figure 6: 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). (sample 2”-RT-1). 
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 5.3.2 2” hose fatigued loaded at room temperature (2”-RT-2) 

A 2” Gutteling composite LNG hose with a length of 30 cm has been tested in the test rig of 

Figure 2. 

The hose was subjected to the following loads:  

 Air pressure in the hose varying between 1.9 and 2.2 barg. 

 Axial cyclic force that was increased over time: 

 minimum force -0.3 kN, maximum force 5.2 kN for 0.3 million cycles; 

 minimum force 0.3 kN, maximum force 5.9 kN for subsequent 0.9 million cycles, 

The frequency of the cyclic axial load was 1.5 Herz. 

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

 

 

Test results 

Observations during fatigue damage application: 

1. After the first series 0.3 million cycles no leakage was observed.  

2. After 0.9 million further load cycles some leakage of air was observed at one of the 

end fittings. 

 

Leakage was monitored using a leak detection spray during fatigue damage application. After 

having stopped fatigue cycling, the hose was filled with LIN of approximately 6 barg. During 

cooling down already a significant leakage of GAN was visible. At higher pressures GAN 

escaped with some plumes during further cooling down, see Figure 7. 

 

   

Figure 7: Leakage of GAN of test sample 2”-RT-2 after being fatigued at ambient temperature. Left: leakage 

at low pressure. Right: leakage at higher pressure. 

The residual pressure test resulted in: 

1 Almost instantaneously some leakage of water at low pressures. 

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

observed.  

3 Significant leakage at higher pressures, see Figure 8 (clearly visible on the video, hardly 

visible on the still). The flow capacity of the pump was not high enough to compensate for 
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 the leakage and, as result, the pressure could not be increased above 65 barg, see 

Figure 8.  

4 The test was aborted without having initiated a full bore rupture of the hose.  

 

   

Figure 8: Residual pressure capacity test of hose sample 2”-RT-2. Left: still of a video. Right: pressure over 

time. 

Subsequently the end fittings were cut from the hose and the fabric and film stacks were 

visually inspected on damage, see Figure 9: 

1 No damage to the fabric stacks. 

2 A large radial crack in both the first and second film stack with a length of 

approximately: 

a. Innerstack: 11 cm close to end fitting. 

b. Outerstack: 5 cm close to end fitting. 

 

 

Figure 9: Hose 2”-RT-2 deplied after the residual pressure test. Left: several stacks and the hose end 

fittings. Right: detail of the crack in the second film stack. 

5.3.3 2” hose fatigued loaded at cryogenic temperature (2”-C-3) 

A 2” Gutteling composite LNG hose with a length of 30 cm has been tested in the test rig of 

Figure 2. 

The hose was subjected to the following loads:  

 Pressure in the hose varying between 2.5 and 3.5 barg. 

 Temperature between -160 and –180
◦
C. 

 The axial cyclic force that was increased over time:  
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  minimum force -0.3 kN, maximum force 9 kN for 0.5 million cycles; 

 minimum force -1.0 kN, maximum force 8 kN for subsequent 0.2 million cycles; 

 minimum force -1.8 kN, maximum force 9 kN for subsequent 0.12 million cycles; 

 The frequency of the cyclic axial load varied between 1 and 3 Herz. 

 

Approximately 100,000 cycles were executed each day after which the test was stopped. The 

hose came over night to ambient conditions (21±2 °C). The next day the hose was 

pressurized and inspected on leakage with a leak detection spray. Due to this spray and 

condensed water, the outer layers were wet when the cooling down for the next series of load 

cycles started. 

 

Test results 

Observations during fatigue damage application: 

1. The first sign of leakage of GAN was observed at 0.3 million cycles at one of the end 

fittings. The next day leakage was confirmed at ambient temperature with leak 

detection liquid spray. During cooling initially leakage of GAN was observed which 

subsequently disappeared at full cryogenic conditions.  

2. After an additional 0.6 million cycles the leak rate was increased to a level what was 

judged to be detectable.  

3. The leakage was similar to that of Figure 7. On this hose however boiling LIN was 

visible on the hose surface. 

 

Figure 10: Gutteling hose specimen 2”-C-3. Left: specimen after several hours of fatigue testing. Right: 

pressure over time during the residual pressure capacity test. 

 

The residual pressure test resulted in: 

1 Almost instantaneously some leakage of water at low pressures. 
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 2 At relatively low pressures (order of magnitude 10 barg) a fine mist of water was 

observed. There was significant leakage at higher pressure similar to specimen 2”-RT-2, 

see Figure 8 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 132 barg, see Figure 

10.  

3 The test was aborted without having initiated a full bore rupture of the hose.  

 

Subsequently the end fittings were cut from the hose and the fabric and film stacks were 

visually inspected on damage, see Figure 11: 

1 No damage to the fabric stacks. 

2 A large radial crack in both the first and second film stack with a length of 

approximately: 

a. Innerstack: 9 cm in the middle. 

b. Outerstack: 5 cm in the middle. 

 

 

Figure 11: Gutteling hose, specimen 2”-C-3 deplied after the residual pressure test. Left: both film stacks. 

Right: detail of the crack in the first film stack. 

5.3.4 4” hose fatigued loaded at room temperature (4”-RT-1) 

A 4” Gutteling composite LNG hose with a length of 80 cm has been tested in axial fatigue.  

 

The hose was subjected to the following loads:  

 Air pressure in the hose varying between 2.0 and 2.5 barg. 

 Axial cyclic force: minimum force 2 kN, maximum force 22.6 kN. 

 Number of cycles: 1.3 million cycles. 

 The frequency of the cyclic axial load varied between 0.5 and 1 Herz. 

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

Observations during fatigue damage application: 

1. After 0.6 million load cycles some leakage of air was observed near both end 

fittings, see Figure 12. 

2. The hose was pressurized, while being in the test rig without axial loading, and the 

pressure drop over time was measured, see Figure 12. 

 

     

Figure 12: Gutteling 4”-RT-1 specimen. Left: leakage observed with leak detection spray. Right: pressure 

drop over time after 1.3 million cycles. 

The hose was removed from the test rig and stored for several months. Subsequently the 

hose was leak tested with LIN/GAN. During cooling down, and at relatively high temperatures 

and low pressure (6 barg), GAN escaped from the hose wall in particular at one end fitting, 

see Figure 13. 
  



 

COMMERCIEEL ONGERUBRICEERD 

COMMERCIEEL ONGERUBRICEERD | TNO report | TNO 2016 R10126  21 / 41  

  

 

Figure 13 Gutteling 4”-RT-1 specimen: during the cryogenic leak test GAN escaped from the hose during 

cool down. 

The residual pressure test resulted in: 

1 Almost instantaneously some leakage of water at low pressure. 

2 Significant leakage was observed, particular at one end fitting at higher pressures. 

3 The flow capacity of the pump was not high enough to compensate for the leakage. The 

test was aborted at 19 barg (see Figure 14) without have induced a full bore rupture.  

 

   

Figure 14: Gutteling 4”-RT-1 specimen. Left: leaking hose during the residual pressure test. Right: pressure 

over time during the residual pressure capacity test. 

Subsequently the end fittings were cut from the hose and the fabric and film stacks were 

visually inspected on damage, see Figure 15: 

1 No damage to the fabric stacks. 

2 At 2 to 3 locations near one end fitting large radial cracks in the first film stack that 

extended over the full circumference. 

3 In the second film stack several cracks near the end fitting. The longest crack has a 

length of approx. 9 cm. 
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Figure 15: Gutteling hose, specimen 4”-RT- 1 deplied after the residual pressure test. Left: several large 

cracks in the first film stack. Right: detail of the crack in the second film stack. 

5.3.5 4” hose fatigued loaded at room temperature (4”-RT-2) 

A 4” Gutteling composite hose with a length of 80 cm has been tested in axial fatigue. The 

hose was subjected to the following loads:  

 Air pressure in the hose varying between 2.0 and 2.5 barg. 

 Axial cyclic force: minimum 5 kN, maximum 50 kN. 

 Number of cycles: 134,000. 

 The frequency of the cyclic axial load was 0.5 Herz. 

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

 

Test results 

After 134,000 cycles significant leakage of air was obtained and verified with leak detection 

spray, see Figure 16. 
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Figure 16: Gutteling 4”-RT-2 specimen: leakage observed with leak detection spray. 

Subsequently the hose was leak tested with LIN/GAN. During cooling down, and at relatively 

high temperature and a pressure of 6 barg, GAN escaped from the hose wall in particular at 

one end fitting, see Figure 17. 

 
The residual pressure test resulted in: 

1. Almost instantaneously some leakage of water at low pressures. 

2. Significant leakage at higher pressures in particular at one of the end fitting, see 

Figure 18. 

3. The flow capacity of the pump was not high enough to compensate for the leakage.  

The test was aborted at 48 barg without having initiated a full bore rupture of the 

hose.  

 

Figure 17: Gutteling hose, specimen 4”-RT-2: during the cryogenic leak test GAN escaped from the hose 

during cool down.  
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Figure 18: Gutteling 4”-RT-2 specimen. Left: severe leaking hose during the residual pressure test at one 

end fitting. Right: pressure over time during the residual pressure capacity test. 

Subsequently the end fittings were cut from the hose and the fabric and film stacks were 

visually inspected on damage, see Figure 19: 

1 No damage to the fabric stacks. 

2 A large radial crack in the first film stack with that extended over the full circumference 

and several additional smaller radial cracks at 2-3 location near one end fitting. 

3 In the second film stack a crack with a length of approximately 9 cm near an end fitting. 

 

 

Figure 19: Gutteling hose, specimen 4”-RT- 2 deplied after the residual pressure test. Right: deplied hose. 

Left: detail of the crack in the first film stack. 

5.4 Bending fatigue test results (2”-C-BF-1) 

A 2” Gutteling composite hose with a length of 42 cm (length of the flexible part is 16 cm) has 

been tested in bending fatigue, see Figure 20.  The wooden bend restrictor extended 3.5 cm 

the ferrule of top end fitting. The test fixture connected to the lower flange had a length of 28 

cm. The cardan was fitted at a radius of 20 cm to the rotating disk.   
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 The hose was cooled in with LIN and pressurized at 2 barg. The rotation frequency was set to 

1 Herz.   

 

Test results 

The bending pre-test procedure, meant to adjust test settings when required, was started. 

After approximately 15 minutes of testing and an estimated 900 bending cycles, clear visual 

leakage of LIN was visible at the lower end fitting and the test was stopped. At the pre-test 

stage not all sensors were monitoring. Figure 21 shows pictures of the leaking hose. 

 

 

Figure 20: Dimensions of the Gutteling hose specimen 2”-C-BF-1 fitted in the test set up. 

It is important to note that in this bend test a certain end fitting position is prescribed and that 

the distribution of the bending deformation over the hose length in not known. Results of a 

static test pointed into the direction that the bending strain would localize at the top end fitting. 

For that reason a bend restrictor was used at that end fitting. In the fatigue test the bending 

localized at the bottom end fitting. The load introduction at the end fitting may have 

significantly affected the number of fatigue test cycles.   
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Figure 21: Gutteling hose specimen 2”-C-BF-1 leaking LIN/GAN 

 

The residual pressure test resulted in: 

1. Almost instantaneously some leakage of water at low pressures. 

2. Significant leakage at higher pressures in particular at one end fitting, see Figure 22. 

3. The flow capacity of the pump was not high enough to compensate for the leakage.  

The test was aborted at 138 barg without having initiated a full bore rupture of the 

hose.  

 

Figure 22: Gutteling hose specimen 2”-C-BF-1. Left: severe leaking hose during the residual pressure test at 

one end fitting. Right: pressure over time during the residual pressure capacity test. 

 

Subsequently the end fittings were cut from the hose and the fabric and film stacks were 

visually inspected on damage, see Figure 23: 
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 1 No damage to the fabric stacks. 

2 A large radial crack in the first film stack that extended over halve the circumference near 

one end fitting. 

3 In the second film stack several cracks with a length of 75% of the circumference near an 

end fitting. 

Note that the cutting process may have affected the cracks length evaluation. 

 

 

Figure 23: Gutteling hose specimen 2”-C-BF-1 deplied after the residual pressure test. Top: second film 

stack. Bottom: first film stack. 

5.5 Summary of test results 

The tests provide, next to the prime objective test results, also observations that cannot be 

supported by hard facts or were not the purpose of the test but are nevertheless worthwhile to 

report. Paragraph 5.5.1 reports the “hard facts” and 5.5.2. the “soft results and observations”. 

5.5.1 Hard facts 

Table 2 provides an overview of fatigue test results in the project.  

 

Hoses that after the fatigue test were filled with GAN/LIN, showed leakage that will be readily 

detectable by an operator under normal operating conditions. The operator will notice 

clouds/plumes of GAN escaping from the hose wall and/or local absence of snow on the hose 

surface. 

 

Due to the capacity of the pump unit neither of the hoses could be pressurized to full bore 

burst. Therefore, the pressures reported in the table are maximum observed test pressures.  

The ambient temperature full bore rupture pressures will be higher than these reported 

pressures. All 2” hoses all have reached test pressures larger than 65 barg and the 4” hoses 
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 pressures larger than 19 barg. The rated maximum allowable working pressure for the hoses 

is 21 barg. 

 

All hoses showed during the pressure test significant leakage. The leak phenomena can be 

categorized in: water drops dripping from the hose surface, fine spray of water distributed 

over the hose area, trickles of water at some locations, and (for 2”RT-1) local leakage through 

film and fabric stacks that failed during the pressure test. 

 

After having executed the residual pressure test, the damage in the hose wall was reviewed. 

This pressure test may have affected the damage size and damage appearance. Strictly 

speaking, this test program does not provide any evidence that the fatigue damage before the 

pressure test is similar in nature as the fatigue damage. What can be said is that:  

- prior to the residual pressure test were significant leak path were present; 

- there is some evidence that the location of leakage of LIN/GAN coincide with the area with 

the large defects found in deplied hoses; 

- after the residual pressure tests, the defects developed in the inner film stack (in contact 

with the liquid) are larger than the in the second film stack. This conclusion cannot be 

generalised as the majority of sample has been tested at ambient temperature and axial 

fatigue. 

Table 2 Overview of fatigue test results (soft test results are indicated by blue font) 

Sample Fatigue 
application 

Ambient residual pressure test Cryo 
Leakage: 

 
Operator 

detectable 

Location of 
fatigue 

damage on 
the hose 

Max 
pressure 

[barg] 

Full bore 
rupture 

Leakage Damage 
growth 
during 

test 

2” RT - 1 Ambient, 
tension 

110 N Large Yes Not tested Not 
investigated 

2” RT – 2 Ambient, 
tension 

65 N Large No Y End fitting 

2” Cryo – 3 Cryogenic, 
tension 

132 N Large Yes Y Mid-section 

4” RT – 1 Ambient, 
tension 

48 N Large No Y End fitting 

4” RT – 2 Ambient, 
tension 

19 N Large No Y End fitting 

2”-C-BF-1 Cryogenic, 
bending 

138 N Large Yes Y End fitting 

 

The 2” and 4” composite hoses both consist of 2 film stacks and 3 fabric stacks. No defects to 

the fabric stacks have been found, except for specimen 2” RT-1. In this specimen the damage 

in the fabric stacks are (almost certainly) developed in the water pressure test.  

 

All large defects found after the residual pressure test are similar in nature, regardless if 

cryogenic or ambient fatigue was applied and regardless diameter. The location of the large 

damage in the film stack can differ. The majority of hoses had fatigue cracks very close to the 

end fitting. Note that only one specimen has been tested in cryogenic fatigue and one 

specimen in cryogenic bending fatigue. 
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 5.5.2 Soft results and observations 

This paragraph reports some observations that may be of interest for the interpretation and/or 

extrapolation of the test results. 

1. Fatigue damage in axial fatigue develops sooner or faster when the minimum load in 

the load cycle is a compressive force.  

2. During the cryogenic fatigue test, it was observed that gas leakage observed at 

ambient temperature was stopped later when the hose was at cryogenic temperature. 

As the leak measurement was crude and only one hose was fatigue tested under 

cryogenic conditions, no conclusions can be drawn. However, the difference was that 

large that the observation cannot be ignored. One of the possible explanations may 

be that water entrapped in the outer fabric and film stack freezes and blocks leakage. 

3. Though the amount of air leakage from the 4” hoses was significant, TNO did not 

expect to see such large leaking of GAN. It is not investigated how leaking of air 

relates to leaking of GAN/LIN. 

4. In several occasions the water leak pattern changed in the residual pressure test at a 

certain pressure. This may point to a growth of damage during pressurization.  

5. Comparing the observed leakage development over load cycling time and the defects 

after the residual pressure capacity test, it is assumed that the fatigue cracks were 

similar in nature –though may be different in length - than the defects observed after 

the pressure test. 
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 6 Discussion of test results 

This chapter discusses the fatigue test results including that of phase 1. As such this report 

supersedes the discussion presented in [2]. The items mentioned below are numbered to 

allow referencing them and are not meant to be a ranking in priority. 

 

Is the test procedure representative for composite hoses under service conditions? 

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

plies and an inner and outer stainless steel spiral. The fatigue test results in this project 

and [3] shows that film plies degrade first and fabric plies do either not degrade or 

degrade in later stage. The fatigue properties of the fabric plies are not the limiting factor.  

2. The high residual pressure resistance can very likely be (largely) attributed to the fabric 

plies, see item 9b in this list. As the fabric layers are liquid/gas permeable, the leakage is 

caused by failure of the film plies. 

3. 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 both axial and bending fatigue large crack develop 

in the film stacks in circumferential direction on the top of the helicals.  

a. This indicates that local bending of the hose wall is causing the fatigue degradation. 

The load conditions that cause such deformations are bending, internal pressure, and 

axial loads. In many applications the axial loads are small compared to the internal 

pressure. From visual observations (see for example Figure 21) it is evident that hose 

bending induces the maximum strain cycle for local bending of the film and fabric 

stacks. Hose bending is therefore assumed to be the prime cause of fatigue followed 

by internal pressure. Too little data is generated to have validated this assumption, 

though the result of single bending test executed supports this conclusion. 

b. There is some evidence that moving the strain range from tension-tension to 

compression-tension in axial fatigue results in quicker development of damage. A 

straight hose will buckle when subjected to high compression loads. Therefor the 

compression force and the associated deformation that could be applied were small. 

In bending much higher compression deformation can be induced. The hose bending 

test result indicates that hose bending may induce quicker damage than axial tension. 

c. The magnitude of the pressure and axial loads applied in the axial fatigue test is 

expected to shift 1) when fatigue damage is initiated and 2) how fast the degradation 

grow. It is not known what this relation is. 

d. Other/ additional loads including effects of limiting or allowing certain deformations 

may affect the magnitude of the fatigue degradation initiation and growth. As an 

example, a hose will twist when axial load or pressure is applied. In some of the 

fatigue tests the hose could twist in some others twist was restricted. There was no 

difference found in defect size, shape, and residual pressure performance that could 

be attributed to yes/no twist. That does not mean that there is no difference but that 1) 

that difference is either limited or/and 2) is not detected due to the small number of 

samples tested and the focus of the test on inducing significant leakage. 

e. The limited evidence in this project and mechanical engineering theories supports the 

statement that axial fatigue will result in similar damage to the film stacks as bending 

fatigue.  

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

development of fatigue degradation. For that reason impact is applied in test 2” RT-1. 

There was no evidence that this impact has initiated the damage. Not enough test 

data is generated to conclude on this. 
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 4. The majority tests are executed with cyclic axial loads under ambient conditions and two 

tests under cryogenic conditions. The resistance of the polymeric material against fatigue 

is expected to be lower at cryogenic temperature than at ambient temperature. The 

defect in the film stack of the hose fatigued at cryogenic conditions (after having been 

pressure tested) resulted in a similar damage as the ambient fatigued hoses. Apparently 

there is not a big difference in failure mode(s) between cryogenic and ambient fatigue 

tested hoses. The test generated not enough information to conclude on the speed of 

degradation under ambient and cryogenic conditions.  

5. Chemical degradation (marine environment, ozone, etc.) 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. 

6. Next to the large fatigue cracks in circumferential direction, small “pin holes” may be 

present in the film stacks. This has not been investigated.  

7. The majority of hoses failed in the film stacks near to the end fitting. This may be caused 

by load introduction effects and/or specimen size. In-service the loads at the end fittings 

may be different than in the tests.  

8. The fatigue damage distribution and the development of leak path have not been 

investigated in this project. In tests of 8 "hoses [3] it was found that complex leak paths 

can develop and eventually result in a leakage which become visible somewhere at the 

hose outer surface of the hose.   

9. 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. The main assumption 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. The project result supports this assumption but not 

enough information is generated to have it validated.  

b. The burst pressure of a new hose is high (>100 barg). The portion that fabric plies 

contribute to this burst pressure will, based on a basic engineering model, likely 

exceed the maximum operating pressure (10-20 barg). Therefore, the fabric layers 

alone (which are likely not degraded by fatigue, ref point 1 above) will provide a 

sufficient residual pressure resistance that extreme fatigue degradation of the films 

will not result in full bore rupture under operating conditions. Sufficient evidence is 

provided in this project that the residual burst strength is higher than the rated 

maximum operating pressure.  

c. Axial fatigue is believed to be an adequate test to demonstrated “leak before burst” 

behavior for composite hoses. 

 

Comments on the test results 

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

to estimate the service life of the hose tested as the cyclic local bending loads applied to 

the barrier does not match with service conditions and no models exists to translate them 

to service conditions.  

11. The leak rate slowly increases over cycle time. This is also seen in previous testing with 

8" hoses [3]. Though it cannot be translated into 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 operations (urgently).   
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 12. On hose 2” RT-1 the hose leakage after fatigue, when pressurized with air at 9 barg, was 

0.6 l/min air. 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 based on a simple first principle physic 

model. It is expected that a hose pressurized with a cryogenic (boiling) liquid will show a 

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, the 

amount will be small compared to the release for a full bore rupture. 

13. The leakage has not been quantified for the other hoses. However the detectability of 

leakage has been investigated and demonstrated by GAN/LIN leak tests. The 

detectability of leaking LNG/NG has not been tested and is hard to judge as the physical 

properties of LIN and LNG do differ. A working group member mentioned that LNG spill 

will be even more easy to detect as: 

a. an NG-cloud is darker colored than GAN or condensed water and 

b. an NG could drift upwards where condensed water move downwards. 

The working group members that execute transfers believe that the GAN/LIN leakages 

observed in phase 2 are readily detectable leakages in service.  

14. On hose 2” RT-2 and 2” C- BF-1 when pressurized with LIN, bubbling liquid was visible 

on the surface but no trickle of LIN was noticed. In all GAN/LIN leak tests a significant 

amount of GAN leakage was observed. When the 4” hoses would have been tested to 

higher pressures and fully cooled down (which we could not for reasons of safety in view 

of the test set up), it would have likely resulted in boiling LIN on the hose surface. 

15. The 2” Gutteling hose pressure tested after the crush test failed at 140 barg [2]. The 

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

indicate that fatigue damage, contrary to crush damage, affect the residual pressure 

capacity of composite hoses. As the majority of hoses could not be pressurized 

sufficiently to induce full bore rupture, no further conclusions can be drawn on this.  

16. The pressure that could be obtained in the residual pressure test was limited by the 

pump capacity. In all cases sever leakage of water was observed. Except for one 4” 

hose, the measured pressures were higher than the rated maximum allowable operating 

pressure of 21 barg. It is expected that also for that one 4” hose (max measured 

pressure of 19 barg) will resist 21 barg without a full bore rupture. 

 

Can the results be extrapolated to other diameters and composite hose brands? 

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 

and damage features do match with the test results in this project. The number of cycles 

until leakage occurred for the 2” and 4”hoses was considerably higher than for the 8” 

hose in [3]. Having test results on 2, 4” and 8” hoses, all hoses being made from the 

same materials, all featuring similar damage, and all having a sufficient residual pressure 

resistance, it is fair to assume that the whole range of LNG hoses up to 8” will show a 

similar response.  

18. 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. Therefore, the result of the test on the 2” and 4” Gutteling hose cannot 

be extrapolated to other composite hose brands. Through a relative small additional test 

program adequate information can be generated to judge on extrapolation of test results.   
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 7 Conclusion 

7.1 Fatigue of composite hoses 

Axial fatigue: 

 2”, 4” and 8” hoses develop similar fatigue damage in film stacks: extrapolation of 

findings to other diameters is not unrealistic. 

 2” fixed and 2” free to rotate end fittings develop similar damage: boundary conditions 

are not critical. 

 2” RT and 2” cryo develop similar cracks (though location is different): RT test can be 

used to fatigue hoses; damage features after the residual pressure test are shown 

being repeatable over multiple specimens. 

 The preferred failure location is near the end fitting.  

 Difference in cyclic load levels does not induce a (large) difference in damage 

appearance. Impression: tension-compressions cycling results in quicker damage 

formation than tension-tension.  

 

Bending fatigue: 

 The residual pressure resistance of a hose fatigued in bending until significant 

leakage occur is similar to that of hoses subjected to axial fatigued   

 The cracks developed in bending fatigue (after pressure testing) are similar to hoses 

subjected to axial fatigue. 

 

Leakage: 

 Leakage of air at low pressure is not a good predictor of damage size; the GAN 

leakage and the damage in the 4” film stacks was significant. 

 Leak paths may in cryogenic condition be partially blocked by frozen water that is 

accumulated on the outer hose surface or the outer plies. The water can originate 

from rain/snow and or condensation of water in air. 

 At low pressures (6 barg) LIN does not result in a LIN-jet (boiling liquid on the hose 

surface). 

 Residual pressure test: at higher pressures more damage may develop, resulting in 

trickle/spray of water. 

 It is very likely that during cryogenic transfer the leakage is detected by an operator. 

 

Residual pressure capacity: 

 The pump flow capacity was not enough in comparison with the hose leakage to bring 

the hoses to burst. Therefore the 2” hoses could be pressurised to higher pressures 

than the 4” as the leakage (in volume per unit of time) scales with diameter. 

 The measured pressure of the 2” hoses is higher than the required minimum burst 

pressure (Max operating pressure = 21 barg).  

 The measured pressure of the 4” hoses is higher than maximum operating pressure 

19 barg. It is viable to assume that the burst pressure is higher than the rated 

maximum allowable operating pressure of 21 barg. 

 Results on the 2” significant fatigue damaged hoses show that the high residual 

pressure is a repeatable response. 
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 Based on evidence provided in this project and experts judgment the conclusion with respect 

to fatigue damaged hoses, related to “leak before burst, is:  

 composite hoses (brand Gutteling); 

 that are pressurised and (axial) cyclic loaded; 

 both at ambient and cryogenic temperatures; 

 regardless diameter (2”- 4” - 8”);  

 develop over time a typical/repeatable damage in the film stacks; 

 that can develop to such size that it results in readily detectable leakage by an 

operator (at low and high pressures for cryogenic liquids; less so for gaseous medium 

at ambient temperature); 

 (likely) resulting in a spray/trickle (not a jet) of cryogenic liquid and/or boiling liquid on 

the hose surface; 

 while still having a residual burst strength (very much) higher than the operating 

pressure; 

 as such this loading is not credible scenario for full bore rupture. 

7.2 Project conclusions on “leak before burst” 

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

is demonstrated that none of the five hoses tested (significantly) leaked. The lightest metal 

corrugated hose without outer protective wire 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 wheel” for five 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 it resists 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 2” and 4” multi composite hoses of a 

particular brand, subjected to cyclic loads, developed leak paths that grow relatively slowly 

over time while the residual burst pressure remain (significantly) higher than the maximum 

operating pressure (21 barg). Thus, full bore rupture of a fatigue degraded 2” or 4” composite 

hose of Gutteling during a LNG transfer operation is not a credible scenario. The confidence 

in extrapolation to fatigue test results shifts from “there is evidence” to “it is not possible” for 

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

brands. No conclusions can be drawn on the performance of metal hose with fatigue damage. 

 

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. 
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 8 Review of project aims 

This chapter reviews the research question posed in the project proposal. Note that several 

questions were added as a result of splitting the Project into 2 phases. These additional 

research questions seem less relevant or redundant with other questions when answered on 

the Project level. 

 

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

least two potential critical failure scenarios? 

Yes, for a multi composite hose it has been demonstrated that crushing and fatigue 

likely result in leakage that will be detected by an operator under normal operating 

conditions while the residual pressure resistance is higher than the normal operating 

pressures (10 to 18 barg).  

 

2 What service conditions and incidents need to be considered for systems/operations? 

In discussion with RIVM and the hose working group a number of potential critical 

scenarios has been identified which are reported in [2, Chapter 5 and its Appendix A]. 

This list is not formalized nor re-evaluated after having executed the tests due to 

budget restrictions.   

 

3 What will be the likely failure modes based on technical judgement (not necessarily 

supported by evidence with tests or literature)? 

The likely failure mode for multi composite hoses featuring materials, design and 

manufacturing technologies similar to that of Gutteling, under incidents referenced 

under point 1, is leakage of NG and or limited LNG. Full bore rupture will likely not 

occur. Further it has been demonstrated that fatigue damage will grow relatively 

slowly which improve the chance on detection. 

Metal corrugated hoses have only been tested under crush loads only. From this test 

program no further conclusions can be drawn. Based on the hose design and 

material behavior it is assumed that, if fatigue cracks or large plastic deformations are 

present, leakage can develop faster than in composites. 

 

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

challenge/support research question 3? 

A short literature review, in addition to literature collected by TNO in the past, did not 

reveal information other than what has been presented on the 8” hose qualification 

program of Gutteling [3]. 

 

5 What test data from hose qualification test programs according international 

standards can be used to evaluate safety distances? 

This question has not been further studied in this project except for qualification 

EN1474-2. None of the tests requested in this standard can be used to evaluate 

safety distances. Various tests executed in Gutteling’s 8” LNG qualification test 

program under this EN-standard [3] in excess of that EN-standard do support the 

“leak before burst” results of this project. However also this data cannot be used to 

evaluate safety distances as this for example involves evaluation of possible 

consequences of leakage and failure frequencies. 
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 6 What are the likely governing incidents/service conditions and failure modes to be 

tested in view of existing knowledge of hoses? 

The initial lists of incidents are reported in [2], see answer on question 2. At the end 

of this project this list has not been re-evaluated. For multi composite hoses crushing 

(impact) and fatigue phenomena are selected as governing potential failure 

mechanisms. For corrugated metal hoses it is expected that this applies as well but 

additional modes like torsion may need to be added.  

 

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

reduction of safety distances. 

During execution of the project the input RIVM, being a member of the hose working 

group, was taken into account in selecting scenarios and tests. The RIVM 

representative stated at the final stage of phase 2, that for composite hoses no other 

tests are high on their priority list with respect to proving “leak before failure”. 

Obviously it is recognized by the working group that for metal corrugated hoses such 

evidence is not provided in this test program and is not found in open literature. 

 

8 How shall the incident/conditions be simulated in tests and how shall the expected 

LNG spill be estimated? 

In the test program various means to induce damage and to quantify leakage has 

been used. They are mostly selected for pragmatic reasons and/or for demonstrating 

a clear link with service. Alternative methods may need to be selected when the tests 

need to be standardized (see 9). No attempt has been made to correlate the various 

leakages with air, water, and GAN/LIN. As a result the extrapolation to the expected 

LNG spill cannot be made. Having said that, there is sufficient evidence that for 

composite hoses the spill (assuming a time interval measured in some minutes) will 

be very small compared to full bore rupture and thus less relevant in view of the 

positive response of composite hoses. 

 

9 What standards (/test protocols) are available for such tests and what modifications 

are required? 

No standards are found that describe the tests and the requirements to prove “leak 

before failure”. This project provides valuable input should such standard need to be 

written. Such tests could be appended to current hose qualification standards such as 

EN-1474-2 [4]. 

Referring to research question 11, these standards do not provide sufficient 

information to allow modelling of hose transfers configurations. However, the stiffness 

test specified can be relatively easy modified to provide such information. 

 

10 How can the limited number of tests executed be extrapolated to generalize the 

results to all conditions to be considered and what are the limitations?  

This research question has been answered in this report and the phase-1 report for 

those tests executed. These reports also addressed the uncertainties. 

 

11 How can a practical model be developed to address the short hose length concern 

and is it feasible to include requirements in a standard? 

This topic has been de-prioritised for reasons of budget. Another project has been 

initiated to answer this question in the cause of 2016. The LNG Safety Platform is a 

partner in this project. Reporting on this is beyond the scope of this project. 
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 12 How does the composite hose compare to the metal hose with respect to failure 

modes and spill? 

This research question cannot be answered due to limiting number of tests executed 

for metal hoses. 

 

13 What is the recommended test procedure/program for (future) assessment? 

Due to budget limitations this question has not been investigated. The answers on the 

questions 8 through 11 provide partial answers. 
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 9 Recommendations for future 

The review of the project aims and the project conclusions result in the following 

recommendations for future work.  

 

Metal transfer hoses: 

 Provide evidence on the leak before burst behavior for in-service fatigue degradation and 

low cycle fatigue that may be induced in an incident scenario. 

 Verify if excess of torsion is a potential cause of full bore rupture and provide evidence of 

absence of full bore rupture for credible scenarios that result in torsional deformation. 

 

Composite hoses: 

 Provide evidence on the similar leak before burst behavior as the Gutteling hoses for 

other brands. 

 Provide adequate tools to determine the hose end fitting loads for short hoses. 

 

Standardization of tests: 

 In the project on ad-hoc basis tests have been selected and particular test conditions 

chosen. Standardization of test is highly recommended to allow testing of other brands 

and hose innovations. Such standard allows hoses to be tested under equal conditions 

and to connect quantitative requirements to the tests. One may need to differentiate the 

tests and quantitative requirements for metal and composite hoses.  

 

Other credible incident scenarios: 

 Several credible scenarios, among others kinking, we deprioritized and not tested. Also 

the initial list of credible scenarios and number of test has not been reviewed after 

execution of the project. Reassessment of possible credible scenarios in the light of the 

obtained test results is recommended.  
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