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Research Summary 
Design Considerations and Limitations of Rock 

Dowels/Anchors Loaded in Shear 

 

WHAT WAS THE RESEARCH NEED? 
In Tennessee, cut rock slopes with exposed 
discontinuities are often reinforced with grouted 
steel anchors. These elements are installed 
across the discontinuity to stabilize the system by 
immobilizing the rock material above the sliding 
surface (discontinuity). The function of the rock 
anchors is to resist shear loading rather than 
tension. However, the steel bar may experience 
bending in cases where the discontinuity is 

sufficiently large. This study is an investigation into the 
response of simulated jointed rock systems reinforced 
with a steel bar (dowel) as a function of discontinuity size, 
bar insertion angle, and bar size.  

WHAT WERE THE RESEARCH OBJECTIVES? 
The objective of this study was to investigate the 
performance of simulated un-tensioned dowel-jointed 
rock block systems subjected to shear loading and 
evaluate whether bending likely occurred as well as its 
contribution to the reduction in dowel capacity. The 
results from the experimental and numerical studies were 
used to develop a design chart for the capacity of a given 
diameter dowel which identifies the threshold between 
the pure shear capacity and the reduced capacity due to 
bending effects as a function of joint thickness. 

WHAT WAS THE RESEARCH APPROACH? 
The investigation of the performance of simulated un-
tensioned dowel-jointed rock block systems subjected to 
shear loading was conducted using physical laboratory 
experiments and numerical simulations. Physical 
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experiments were conducted using large concrete blocks to simulate the jointed rock material 
and steel rebars to simulate the dowels. A large-scale direct shear apparatus was used to apply 
shear loading. A numerical model was developed based on the physical testing set-up to generate 
additional results by extending the dowel size and joint thickness. The behavior observed in the 
physical tests was used to calibrate and validate the numerical models of the un-tensioned rock 
dowel-rock discontinuity system. The results from the experimental and numerical studies were 
integrated into a design chart for the capacity of dowels with selected diameters, which identifies 
the threshold between the pure shear capacity and the reduced capacity due to bending effects 
as a function of joint thickness. 

WHAT WERE THE FINDINGS? 
The key findings from this study are: 

• The rebar double bending phenomenon (formation of plastic hinges) was inferred from 
the strain gage data in the case of a large aperture size (joint spacing of 0.75 inches).  

• Bending reduces the dowel shear capacity by a quantity related to bar size and aperture 
size. 

• Bending begins to occur at an aperture size relative to bar diameter and strength. 
• Dowel response is in good agreement with the governing equations for theoretical shear 

and bending conditions.  
• The dowel inclination angle with respect to the joint increases the theoretical capacity of 

a dowel as it increases the subject cross-sectional area.  
• Free and fixed dowel placement show no real difference in resistance.  

IMPLEMENTATION AT TDOT 
The following recommendations are made based on the findings of this study. 

• Un-tensioned dowels may be safely used to mitigate rock masses exhibiting the potential 
of planar type failures. However, consideration must be given to whether relative rock 
movement has already taken place, compressive strength of the surrounding rock, 
number of dowels proposed, extent of discontinuities, etc.   

• The design chart should be used as an additional approach to rock stabilization in 
particularly dangerous areas. Because dowels are more cost effective than tensioned rock 
anchors, a greater number of slopes can be remediated for the same cost. Furthermore, 
un-tensioned elements require fewer site visits. 

• A survey of the use of rock anchors/dowels in every state should be completed. This would 
be beneficial in the development of a national standard or guidelines. 

MORE INFORMATION 
Find the final report here: https://www.tn.gov/content/dam/tn/tdot/long-range-

planning/research/final-reports/res2020-final-reports/RES2020-14_Final_Report_Approved.pdf. 
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