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How long will heater tubes last? 
This question is frequently asked by 
those that use heater and reformer 
tubes in ammonia, refinery, and 
chemical plants. Tubes are critical 
to the process, refining, and heating 
of product for optimized product 
processing. Beginning with research 
performed in 1928 at the University 
of Michigan, tube lifetime has been 
researched to understand the factors 
that influence high temperature tube 
strength1. Even though degradation 
phenomena that occur in tubes are now 
better understood, tube failure is still a 
concern to the plant operator. Failures 
of heater tubes have resulted in fires, 
fatal accidents, loss of production, and 
leaking of hydrocarbon products that 
can ignite and result in an explosion.

1The Timken Roller Bearing Company, Digest of 

Steels for High Temperature Service, 6th Edition, 

1957

FAILURE AVOIDANCE BRIEF 
AVOIDING HEATER TUBE FAILURE

The failure causes of heater tubes vary; one of the most common causes is overheating, 
which results in a stress or creep rupture. Stress rupture is a time dependent phenomenon 
that occurs in tubes when temperatures and stresses exceed a design-selected value 
after continuous overheating for a long period of time, or after many short time overheat 
excursions. A heater tube stress rupture failure is shown in Figure 1. The stress rupture 
fracture is identified by features such as minimal bulging, axial crack extension, internal 
cracking microvoid formation, carbide coalescence (Figure 2), and/or intergranular facets 
along grain boundaries.

A stress rupture failure can be avoided if 
the heater tube’s estimated remaining life 
is known. API standard 530, “Calculation 
of Heater Tube Thickness in Petroleum 
Refineries,” offers guidance on remaining 
tube life, heater tube design, and wall 
thickness.

To estimate the remaining tube life, the 
in-situ microstructure of the tube is often 
examined for changes in the structure. 
In addition, stress rupture tests can be 
performed. The in-situ microstructure 
approach is effective in determining 
remaining tube life provided there is 
historical data on the condition of the 
tube and correlation can be made to tube 
strength.

Figure 2. Microstructure showing the coalescence 
and alignment of microvoids and subsurface 

fissuring at the ID surface – Unetched

Figure 1. Stress rupture region for a tube showing 
the rupture crack extended along the axial 

orientation of the tube
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Another approach is to conduct stress rupture tests and compare the tested life values to 
the Larson Miller creep rupture curve, which is shown in Figure 3 for an HP modified tube 
material. For life assessments, sample locations and number of tests are critical for a good 
assessment. Stress rupture specimens are selected from the region of heaviest damage, 
which for creep damage, is near the tube wall center or at the ID side of the center. For 
comparison purposes, test specimens should be selected from regions with less damage, 
such as 180 degrees away from the highest damage and at a cold region such as the inlet 
of the tube. There can also be variation in test results; to increase the confidence more 
specimens would be preferred.

Estimating Remaining Life 
The following steps are performed in stress rupture testing to estimate the remaining 
life:

1.  Verify the tube material
2.  Know the time in service
3.  Know the operating temperature
4.  Select the appropriate Larson Miller curve for the material
5.  Select an elevated test temperature well above the operating temperature3

6.  Calculate the Larson Miller Parameter (LMP) for the material
7.  Predict the time for failure (hrs) using the LMP
8.  Determine the test stress at the elevated temperature
9.  Machine multiple specimens from locations of interest4

10. Test specimens at stress and elevated temperature
11. Determine actual time to failure from the tests
12. Use Life Fraction Rule to estimate remaining life5

 
Stress rupture failures of heater tubes can be avoided through good design practices, 
controlling operating temperatures and excursions, periodic inspection practices, and 
estimating remaining life using accepted techniques as described in this brief.

2MetalTek, Datasheet for 25-35Nb, dated February 7, 2002 
3The selected test temperature should not be too high because of changes in strengthening and degradation 
phenomenon. 
4ASTM E139- “Test Methods for Conducting Creep, Creep-Rupture, and Stress Rupture Tests of Metallic 
Materials”. 
5D.J. Benac, “Failure Avoidance Brief: Estimating Heater Tube Life”. Journal of Failure Analysis and Prevention, 
February 2009, Vol 9(1) pp. 5-7. 

Figure 3. Larson Miller Curve for Heat Resistant HP2


