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Fall, 2013
Lab Experience with Critical Shear Stresses

The goal of today’s lab exercise is to demonstrate some of the challenges with measuring critical shear stress and some of the factors that may influence critical shear stresses in marine environments.  Each lab group will complete two different activities.

ACTIVITY 1—MEASURING CRITICAL SHEAR STRESS

Part 1: Sediment entrainment with a laboratory stirrer

In this part of the lab, a mechanical stirrer will be used to estimate the critical shear stresses for several different samples.  Groups 1 and 2 will use stirrer #1 and Groups 3 and 4 will use stirrer #2—we will average measurements from each stirrer separately since that have slightly different configurations.

Four beakers containing particles of different sizes have been filled with fresh water.  Before you begin, carefully smooth the surface of the sediment in each beaker with a spatula.  Insert the stirrer into the center of each beaker so that the bottom of the stirrer blades is even with the line drawn on the beaker that marks a level 2.0 cm above the sediment surface.  Start at a setting of zero, and then gradually increase the stirrer speed by turning the knob toward you until particle motion begins.  

Write down your results and those of the other groups in the table below, and then calculate an average stirrer setting for the initial motion of each sample.   

	Classification
	Grain diameter (cm)
	Group 1 stirrer
setting
	Group 2 stirrer setting
	Groups 1 and 2 Average
	Group  3 stirrer setting
	Group 4 stirrer setting
	Group 3 and 4 Average 

	 Glass beads
	0.6 
	
	
	
	
	
	

	Glass beads
	0.4
	
	
	
	
	
	

	Glass beads
	0.2
	
	
	
	
	
	

	Coarse sand
	0.05
	
	
	
	
	
	



Question: How has your group defined the beginning of motion?  What are two alternative criteria?  How would applying those alternative criteria each affect your results?



Part II.  Calculated vs. measured critical shear stress

1)  Use the attached Shield’s curve to calculate the predicted critical shear stresses for the five samples you worked with in part I, and fill in the table below.  Assume a density of 2.23 g cm-3 for the beads, and 2.65 g cm-3 for the natural sand.  Note that the lab temperature is about 20oC, so the density (of fresh water will be 0.9982 g cm-3 and its kinematic viscosity () will be 1.01 x 10-2 cm2 s-1. 

	Grain diameter (D)
	Density (s)
	D*
	*
	c

	0.6 cm
beads
	2.23
	
	
	

	0.4 cm
beads
	2.23
	
	
	

	0.2 cm
beads
	2.23
	
	
	

	0.05 cm
sand
	2.65
	
	
	




2)  Plot the results of your calculations for the three different sized glass beads against the average stirrer settings measured by the class in Part I on the graph below.  Draw a line connecting your data points, projecting it to the x-axis.




3) Now plot the data point for the coarse sand using a different symbol.  Does the data point for the sand plot on the line you drew through the results for the glass beads?   If it does not, what are some possible explanations?
 ACTIVITY 2:  PARTICLE ANGLE OF REPOSE

As discussed in class, one of the factors that complicate prediction of critical shear stresses for heterogeneous beds is that particles will have to rotate out of the “pockets” in which they rest to degrees dependent on their size relative to the underlying grains. The angle through which the grain must rotate is called the particle angle of repose.

In the laboratory, a fixed bed of 4 mm spherical grains (ks=4.0 mm) has been prepared.  Place the individual grains of different size on the bed and experiment with the angle to which the fixed bed must be tilted until the grains move. Hold the board so that the “clip” end is downward and will catch the beads as they roll downward.  Repeat each experiment 3 times and then calculate the average angle.

	Diameter (D) of individual grains
	D/ks
	Trial 1
	Trail 2
	Trial 3
	Average angle

	2 mm sphere
	
	

	
	
	

	4 mm sphere
	
	

	
	
	

	6 mm sphere
	
	

	
	
	




Questions:

1) [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Based on your experimental results, which grains would have to pivot to the greatest angle in order to leave the pocket in which it rests?  How would this impact c for grains of this size compared to the value predicted by the Shields Curve?







2) Based on your experimental results, which grains would have to pivot to the smallest angle in order to leave the pocket in which it rests?  How would this impact c for grains of this size compared to the value predicted by the Shields Curve?
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