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ABSTRACT 

Recent studies by rescarchers from the National Institute for 
Occupational Safety and Health indicate that shear loading 
contributes significantly to failure of bolts used for rock 
reitiforcement in coal mine roofs, Laboratory tests on 17 bolts 
were conducted to study the behavior of roof bolts subjected to 
shear loading over a range of axial bolt loads, Fourteen strain 
gauges were attached to each bolt to measure axial and bending 
loads at seven locations along its length. The instrumented bolts 
were grouted through two high-strength concrete blocks, and axial 
tension was applied to as much as 75% of yield strength. With the 
block interface acting as a failure plane, shear loads were applied 
to the blocks at a constant rate of displacement to the ultimate 
strength of the bolts. The tests characterized the relationship of 
axial bolt loads to shear forces across a rock bedding planc and 
measured the distribution of axial and bcnding strain along the 
length of the bolts. 'These results will improve the selection of roof 
reinforcement in mine arcas where high shear stresses are present, 
thus improving the safety of miners working in these areas. 

INTRODUCTION 

Resin-grouted roof bolts are standard elements in ground 
control system at most undcrground coal mines in North America. 
In general, sagging of the mine roof and yielding of pillars result in 
vertical and horizontal stresses in the mine roof, imparting both 
axial and shear forces on roof bolts. Combined tcllsile and shear 
forces are at times sufficient to cause failure of the bolts. Mine 
Safety and Health Administration (MSHA) statistics show that 
more than 4 0  rniners are injured in roof and rib falls annually; in 
the 5 years from 1994 through 1998, 53 miners died in such 
accidents. Twenty-two fatalities occurred in underground coal 
mines during 1998; of that number, 14 deaths (64%) resulted from 
falls of ground. 

The Spokane Research Laboratory (SRL), a division of the 
National Institute for Occupational Safety and Health, is 

conducting research on roof bolt loading to reduce support failure 
and subsequent ground falls. The intent of this study was to 
examine the effects of shear forces on rock bolts. 

Early laboratory shear tests were conducted by Haas et at., 
(1976) using various bolt types and anchors in blocks of limestone 
and shale; they found that resistance to shear stress was increased 
about 3.7 times when filly grouted bolts were used to secure a 
natural fracture. Radcliffe and Stateham (1980) installed 
instrumented bolts in a Colorado coal mine. Each bolt had three 
pairs of strain gauges, one pair at each end of the bolt and one in 
the center. Most of the bolts exhibited bcnding at the center gauges, 
and about a third ofthe bolts were subjected to strain beyond the yield 
point of the steel. Haas (1981) applied laboratory shear test data 
to estimate safety factors for reinforcing a natural shear plane with 
grouted bolts. Turner (1987) found that appreciable opening of 
fractures prior to shear movements resulted in double bends and 
failure of rock bolts by tension. Bolts across unopened fracturcs 
had been actually cut (guillotined) during rock bursts. Pellet et 
al,. (1996) related theoretical and experirliental analyses of rock 
bolt shear strength and found that bolts installed perpendicular to 
a joint plane allowed the greatest displacenlent along the joint before 
failure, but that displacement at failure decreased rapidly as the angle 
between the bolt and joint plane decreased. They also found that 
harder rock led to bolt failure at smaller displacements Goris et al., 
(1996) used essentially the same procedures as followed in this study 
to conduct direct-shear tests on conventional steel cable bolts Signer 
and Lewis (1998) used axial loads on instrumented bolts in an 
underglound coal mine as evidence of shear stresses that contributed 
to roof bolt failure 

Methods 

The bolts tested were 58.4-cm-long (23-in), standard grade 60, 
Dywidag No. 7 Threadbars.' Continuous, rolled-in threadlike de- 
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