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It is long known in literature that relative humidity can have a big effect on friction and wear of materials. 
Nonetheless, there are only few studies where this effect is analyzed in detail. For rubber materials, even fewer 
publications can be found. This work aims at improving this situation: several materials are systematically 
analyzed in terms of friction and wear at different temperatures and levels of humidity. It is shown that high 
humidity can significantly increase friction and wear of elastomeric materials. 
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1. Introduction 

The fact that the relative humidity of the air can have 
a profound effect on friction and wear has been known 
for quite some time, as Lancaster stated already in 1990. 
However, the environmental humidity in which 
tribological testing is done is rarely controlled and often 
not even stated [1]. 
Therefore, the influence of relative humidity (r.h.) on the 
friction and wear of rubber materials is investigated. 

2. Methods 

For this analysis, a newly built test rig was used. A setup 
to measure friction and wear during reciprocating sliding 
is installed inside a climate chamber. Inside the chamber, 
where temperatures can be regulated from -40 up to 
150°C, the relative humidity can be controlled between 
10 and 90% in a temperature range between 10 and 90°C. 
Four different rubber materials are tested against two 
different steel counter surfaces at different temperatures 
and levels of humidity (20, 50 and 90%) but otherwise 
dry conditions. Three of the above materials are also 
analyzed regarding their wear rates at 40°C and 20 / 90% 
rel. humidity. The most important parameters are 
summarized in table 1. 
 

Table 1: Test Conditions  
 

Parameter Friction Test Wear Test 
Materials NBR, FKM, 2 

EPDM 

NBR, 2 
EPDM 

Counter face Steel, ground Steel, ground 

Temperatures 20, 40, 80°C 40°C 

Rel. Humidity 20, 50, 90% 20, 90% 

Contact Pressure ≈ 1 MPa ≈ 1 MPa 

Sliding Speed 1 – 300 mm/s 100 mm/s 

 

3. Discussion 

As can be expected based on publications, the relative 
humidity clearly has a big influence on the friction 
coefficient. Depending on the specific rubber material, a 
reduction at high r.h. of up to 17% or an increase at high 
r.h. of up to 24% can be observed (relative to the 
respective value at 20% r.h.). 

Even more significant effects can be seen for the wear 
results: a 17% decrease and a 57% increase in wear rate 
were observed at 90% r.h. compared to 20% r.h., 
depending on the elastomer. 
 

 
Figure 1: Measured sliding friction for NBR material 

depending on temperature and relative humidity 
 

In an additional test where a very thin lubricant film was 
placed on the steel surfaces, the aforementioned effects 
related to relative humidity completely vanished. 
 

In the existing literature on the topic, the influence of 
relative humidity is mostly attributed to capillary bridges 
that form between the surface asperities of the contact 
partners (e.g. [2]). Our results indicate that this could 
indeed be the major contribution to the friction changes 
at different relative humidity levels in so-called dry 
conditions. 
In conclusion, our results and the available literature 
suggest that dry friction test results without at least a 
rough idea of the ambient humidity during the test should 
be taken with great care. The humidity level should thus 
at least be recorded and controlled if possible. 
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