
KEM Innovation/Research Question (max. 4 pages + annex) 

TITLE  Literature study on the cumulative effect of repetitive seismic events on subsidence rates 

 

Objective  

During NCG platform meetings in the Groningen region, questions have been raised related to the effect of earthquake 
sequences (i.e. repetitive seismic events) on sediment compaction or settlement. More specifically it was questioned if 
differential compaction of soil can be expected to cause damage to buildings and infrastructure.  
 
The objective is to provide an answer to these questions, based on the scientific literature.  

 

State of the art, background 

Currently, limited specific studies have been carried out in The Netherlands on this issue.  
However, the subject has been widely studied worldwide. References to literature could provide for relevant answers. 

        

Research Question  

Specific research questions are: 

• What effects on near surface sediment settlement can be expected due to repetitive earthquake tremors?  

• Can the effect of repetitive earthquakes tremors cause damage to buildings (in relation to the specific situation in 
the Netherlands)?  

• If so, can the effect of repetitive earthquakes tremors be tested and quantified? 

• Can the effects of repetitive earthquake tremors be disentangled form other comparable processes common in soft 
soils in the Netherlands? 

        

Deliverables expected  

A comprehensive report on the literature study results and answers to the above questions for various types of sediments 
comparable to those common in the Netherlands and specifically Groningen. The literature review should include the 
following: 

- Examples of observations of (differential) soil settlement under earthquake loading in tectonic and induced 
seismicity settings, with the focus on induced seismicity.  

- Examples of modelling analyses of non-linear soil behaviour under seismic loading for soft sediments. 
- Link between dynamic soil parameters and observed subsidence. 
- Fundamental research about compaction of soil due to repetitive vibrations. 
- Evidence of differential settlement on buildings and infrastructure caused by earthquakes.          

Timeline 
       

Start in Q2 2020. 

 
       

Expected use 

The results will be used to address the above-mentioned questions from citizens in Groningen through NCG.  
The results may be used in the Groningen hazard and risk instruments.  
Contribution to risk instrument, contribution to risk assessment. 

        

Expertise and tools preferred for the team 

A track record on the following aspects is preferable: 
- Laboratory soft soil behaviour (i.e. deformation, settlement / compaction, hysteresis, soil-water interaction, impact 

of oxidation processes) 
- Geomechanical modelling of soft soil mechanics (i.e. marine clay deposits, Holocene peat layers) 
- Other common processes affecting soft soils in the Netherlands 
- Ground motion data registration and/or analysis, particularly in relation to ground-building interactions 
- Ground motion modelling and empirical relations 
- Damage assessment on buildings, particularly in areas with soils analogue to the Dutch (Groningen) situation  

 
Suggested research institute: Deltares, as they are the soft soil geotechnical reference laboratory in The Netherlands. 



        

Quality assurance, Organisational and communication requirements 

The project will start with a kick-off meeting to discuss the project and progress will be discussed halfway (and intermittently 
when necessary). The final report will be presented.   

        

Remarks and Suggestions 

This project could be communicated with relevant NCG platforms.  
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