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The Degradation Mechanism and Time-dependent Behavior  

of Very Weak Sandstone�
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Abstract 

 

The outcrops in the northern and central regions 

of Western Taiwan often contain very weak sandstone 

which are poorly cemented. This material may degrade 

when it is exposed to an unfavorable environmental 

condition.  Its degradation usually results in a 

reduction in strength and an increase of deformability.  

Also, the strength and stress-strain relations are likely 

affected by time. 

This study attempts to investigate the 

microstructure change of very weak sandstone.  After 

artificially controlled degradation, specimens were 

subjected to wave-velocity measurement and 

unconfined compression.  Their microscopic features 

were also investigated using a microscope and image 

analysis. The micro-features, including grain-particle, 

void, and infill are analyzed.  By comparing the 

microstructure and mechanical properties, it was found 

that the strength of the very weak sandstone decreases 

significantly after wet-dry cycles.  The cause was 

likely due to the increase in the micro-fissures.  From 

microstructure observation, it was noted that large 

particles tend to break into smaller particles, and the 

particles’ angularity tends to decrease.  These 

changes may contribute to the decrease of material’s 

strength. 

 This project also aims to study the 

time-dependent behavior of the very weak sandstone.  

Conventional dead-load type apparatus of for rock 

creep test was modified to enhance rate-controlled tests 

on very weak rock material.  From experimental 

results, it was observed that both the peak strength 

and the modulus of the very weak sandstone decrease 

as the failure-time increases or the strain-rate decreases.  

A specimen loaded in a lower strain-rate tends to show 

more acoustic emission which seems implies that the 

creep effect promotes the micro-damage in the 

specimen.  Consequently, a constitutive model on 

the basis of the continuum damage mechanics was 

developed to describe the rate-dependent mechanical 

behavior of the material.  By comparing the 
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simulated and experimental results of stress-strain 

relations, the proposed model seems to reasonably 

capture the rate-dependent behavior of very weak 

sandstone. 

 

Keywords: very weak sandstone, microstructure, 

constitutive model, time-dependent mechanical 

behavior, continuum damage mechanics 
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