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Type of Activity : experiment

Brief description: Uniaxial compressive strength experiments provide students with opportunities to develop hypothesis about rock strength, prepare and test their own samples and assess the errors inherent in strength measurements. 

Context 

Type and level of course in which I use this activity or assignment: undergraduate required structural geology course for majors

Skills and concepts that students must have mastered before beginning the activity: Students must be familiar with stress, strength, Mohr circles and the coulomb criterion.

How the activity is situated in my course: This experiments takes two 3-hour lab periods. Because students need to collect samples and perform some sample preparation, I run a field trip in the week between the two experiment lab periods.  

Goals of the Activity or Assignment

Content/concepts goals for this activity: various factors that control rock strength such as saturation, loading rate, and lithology; the difference between scales of rock strength measurement (in situ vs 2” diameter core); the role of fractures, irregularities on strength measurements; processes of shear failure; discussing and writing about errors incurred in experiments; converting between different unit systems.

Higher order thinking skills goals for this activity: developing testable hypotheses, data and error analysis.

Other skills goals for this activity: peer teaching, oral communication, writing.

Description
During the first week, student groups develop testable hypotheses about factors controlling rock compressive strength. The discussions are motivated by a demonstration of in situ assessments of strength of courtyard rocks with the Schmidt hammer and by a short lecture on the capabilities of uniaxial testing devices.  At the end of the first laboratory, each group presents to the class their hypothesis and the design of their experiment.  Two weeks between lab periods allows time for sample collection, preparation and in situ data collection.  At the second lab period, the tests are run and results collected.  Students describe the processes of failure evident within the sample, which leads to a discussion of the role of pre-exiting flaws on rocks strength.  Discussion usually touches on flaws at different scales measured by different methods (Schmidt vs laboratory).  The intu and laboratory data are compared to published strength of rocks of similar type, which leads to discussion of experimental errors or sample biases.  Students write up the data and insights gained from the experiment into a report.

Evaluation 
Although no grade is given for the hypothesis presentations, the TA and I work closely with the student groups as they are develop their hypotheses to ensure that they are feasible and interesting. The formal evaluation is the rock strength report.  When grading, I focus on how well the hypothesis is designed and carried out as well as whether sources of error were appropriately considered.  It is less important to me that the data match the hypothesis than that the students understand how existing fractures, phenocrysts, sample size etc… influence measured strength.

Documentation 

The following pages contain two documents, described below:

Week 1: Schmidt hammer demonstration and rock strength hypothesis: This document describes the procedures for in situ strength measurements with the Schmidt hammer, sample collection, sample preparation and laboratory measurements using the ELE uniaxial device.  The goals of the project are described and the composition of the groups is announced.

Week 2: Rock strength testing and the rock strength report: This document describes the order of the experiments and the data analysis that must be completed for the rock report.  

Instructor’s notes 

· Schmidt demonstration:  As a warm up to the hypothesis testing I ask the following questions as we test various rocks in the courtyard outside.

· “Will we get a larger or smaller rebound number near the crack in the rock compared to away from the crack?”

· Will the basalt have a larger or smaller rebound number than the sandstone?”

· Hypothesis testing: Although I’ve covered the topics of strength in the context of Mohr circle in class, I haven’t yet discussed the myriad of the factors that controlled strength – it is more fun to let these come out of the student conversations motivated by the Schmidt demonstration.  

· Hypothesis testing: I start out with a short lecture that demonstrates how triaxial and uniaxial machines work, what they look like and the types of data that can be collected.  I emphasize the capabilities and limitations of our device.  This helps them realize what can and can’t be tested. Even so, the TA and I move around the room providing groups with reality checks on their hypotheses.  Every year at least on group wants to test strength measured with different orientations to bedding. A great hypothesis – but one fraught with sample preparation headaches.  If they are inspired to take this on, be sure they are prepared to spend time in the rock room.  I also bring broken samples for student to see the types of failures that can happen on rocks within the uniaxial machine.

· Sample Preparation: The sample preparation takes much more time and care than the students expect.  During the two weeks between the hypothesis development and the testing the TA and I repeatedly offer to help them with sample preparation and encourage them to get the samples prepared.  The students often neglect to consider the bottleneck of 4 people trying to drill at the same time or the propensity of equipment to breakdown the day something is due.

· Testing: The first few test are the most exciting. For this reason, I start with what I suspect to be the weaker samples.  The stronger samples then build their own drama by going to stress levels not seen before.  To add interest, after a few samples, I ask the student to guess the strength of the upcoming samples.  This also gets students thinking along the lines of whether the data is fitting their hypothesis and if not what else might be going on.

· Testing:  I have invited everyone in the department to view the rock crushing experiments and on occasion we have crushed other available samples/objects.

· Data analysis: I have never had a group test the presence of many fractures or microflaws as a hypothesis for rock strength but this issue comes up with EVERY experiment.  It is always the large phenocryst or the preexisting crack that starts the failure.  I point this out with the samples after they are run and students must consider this in their rock strength report.  

Structural Geology

Lab 9: Rock Strength Testing Part 1

Module 1:  Schmidt hammer data collection

The Schmidt hammer permits in situ estimation of rock strength.  The device quantifies the rebound of a spring-loaded hammer that hits a rock surface.  Stiffer rock has greater rebound and generally has greater compressive strength.  Correlation tables between rebound # and stiffness as well as rebound # and compressive strength have been developed empirically from laboratory experiments.

Technique: 

1. Chose a spot on the rock that away from fractures or free edges. 

2. Use the abrasive stone to scrape away any irregularities

3. Take the average of at least three measurements and not the angle of the hammer with respect to vertical

4. Correct for incidence angle using the chart below to find R.   

Rcorrected = Rmeasured + R
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5. Calculate the ultimate (uniaxial) compressive strength using dry unit weight of equivalent rock,  see table below)

Log ult = 0.00014  Rcorrected + 3.16

where ult is given in psi x 103.  This equation is found by fitting laboratory and Schmidt tests for a variety of rock types (see chart below).  Convert ult from psi x 103 to megaPascals (MPa).  1 psi x 103 = 6.895 MPa

	Group #
	Rock Type
	Unit Weight lb/ft3

	1.1
	Lower Granite Basalt
	170.2

	1.2
	Little Goose Basalt
	175.8

	1.3
	John Day Basalt
	179.1

	2.1
	Pallisades Diabase
	182.5

	2.2
	Coggins Diabase
	189.5

	2.3
	French Creek Diabase
	190.8

	3.1
	Oneota Dolomite
	153.0

	3.2
	Lockport Dolomite
	161.2

	3.3
	Bonne Terre Dolomite
	164.5

	4.1
	Dworshak Gneiss
	174.5

	5.1
	Pikes Peak Granite
	166.8

	5.2
	Pikes Peak Granite
	164.6

	5.3
	Barre Granite
	165.2

	6.1
	Bedford Limestone
	137.7

	6.2
	Oxark Tavernelle Limestone
	165.5

	6.3
	Solenhofen limestone
	163.6


	Group #
	Rock Type
	Unit Weight lb/ft3

	7.1
	Taconic White Marble
	169.0

	7.2
	Cherokee Marble
	169.1

	7.5
	Imperial Danby Marble
	169.3

	8.1
	Baraboo Quartzite
	164.0

	9.1
	Diamond Crystal Rock Salt
	135.0

	10.1
	Berea Sandstone
	136.2

	10.2
	Crab Orchard Sandstone
	157.9

	10.3
	Navajo Sandstone
	125.8

	11.1
	Luther Falls Schist
	175.8

	11.2
	Luther Falls Schist
	176.1

	13.1
	Hackensack siltstone
	162.0

	14.1
	NTS-E Tunnel Tuff
	100.7


Values from Deere and Miller, Engineering Classification and index properties for intact rock, Air Force Weapons Lab Technical report No AFWL-TR-65-116, 1966.
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Module 2:  Designing your Rock Strength Experiment

We are going two spend two labs investigating strength of rock under differing conditions.  There are four steps to this project:

i) designing the experiment and presentation of design (today)

ii) sample collection and preparation (outside of class)

iii) performing the experiment (in two weeks)

iv) writing up your observations and their significance in a lab report (due a week after the strength testing)

After an overview of the experiment equipment, your task today is to design an experiment that investigates some aspect of rock failure strength.  The experiment design process is divided into four steps below.  At 5:00pm today each group will summarize to the class their discussion of each step below and present their final experiment design.


Group A
Group B
Group C
Group D


Kendra
Rebecca
Sheila
Ron



Erin
Karla
Nate
Jessica


Nick
Matt
Kelly
Rebbie

1) Factors that influence rock failure strength

The measured failure strength of rock depends on many factors.  Within your group, come up with a list of factors that could influence the failure strength of rock.  Consult your textbook, the TA and Michele if you run out of ideas. 

2) Outlining procedure to explore factors influencing failure strength

From your list of factors that influence rock failure strength, develop some ways to investigate the effect of this factor on rock strength.  For example you could test two or three samples under different levels of factor X and examine how the failure strength of the rock changes.  

Of these ideas, some are going to be testable with the apparatus that we have available and some will not.  Consult with Greg and Michele if you are not sure.

3) Developing a testable hypothesis

After you have eliminated those procedures that are not testable decide on one or two failure strength factors that interest you the most.  How do you suspect the rock failure strength will vary as you vary this factor?  How much do you expect the strength to vary?  By answering these questions you are developing a hypothesis will can be tested in the next lab.

Write down your hypothesis into one clear sentence that you can present the class at the end of this lab.

4) Designing the experiment to test the hypothesis

Read through the information on the next two pages order to answer the following questions about the detailed design of your experiment:

• Which samples will you collect from where in order to test your hypothesis?

• How many samples will you need?

• Are there special considerations for specimen preparation?

• Are there special considerations for running the test?

• What data will you collect and how will you collect the data?

• What trends do you expect to see in the data?

• What do you suspect will be the largest sources of error in your experiments?

Data and Sample Collection:

At each sample site collect in situ strength measurements using the Schmidt hammer.  (See technique above)

The samples you collect should be large enough to be sawed and drilled to produce a 2” diameter cylinder 4” long.   The length is important in order for the failure plane to pass through the sides of the sample rather than the ends.  If the failure plane passes through the ends, which rest against the platens, the measured strength will be artificially high. 
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Important things to note in the field are:

• orientation of the sample (mark it before you dislodge the sample!)

• rock type

• in situ stiffness (with Schmidt hammer)

• sketch of outcrop context (e.g. was sample taken next to a fault?)

You can collect samples from any nearby outcrops including sites that we visited on the field trip or the Goshen Fm (metamorphosed siltstone) that we will see next week. 

Collect your samples soon so that you have plenty of time for sample preparation!

When collecting samples consider how easily they will sit in the rock saw when over 4 inches is let out for making the cuts.  Larger samples will fare better because you can make two parallel cuts without having to reset the sample in the vice.

Sample Preparation:
To prepare the specimen, two parallel cuts through the sample will be made on the rock saw and then the rock drill is used to extract cylindrical cores. (see rock drill instructions handout)  

You should have at least two samples for each condition that you plan to test!

The testing equipment available:

The ELE uniaxial compression testing machine can apply up to 250,000 lbs of force to cylindrical specimens up to 6” in diameter and 12” long.  However, you will be testing 2” diameter samples at significantly lower loads.  

The testing equipment loads the sample at a relatively constant rate controlled by a valve on the hydraulic pump.  The testing can be stopped at any time during loading.  The machine will record the maximum load (max) reached during the test.  In most strength tests, this maximum load is the load on the specimen just prior to failure.  

The experiments can be run with and without rubber end caps.  The end caps act to even out small irregularities on the sample however, if the sample is not longer than 4 inches (so that failure plane passes through the sides), using the end caps will greatly exaggerate the compressive strength.


max






Structural Geology

Lab 9: Rock Strength Testing Part 2
Module 1: Perform strength tests

   Group 1. Strength dependency on saturation

Group 2. Strength along different orientations of gneiss

Group 3. Strength dependency of cementation

Group 4. Strength dependency of grain angularity

Record the following information for each test

· Sample #


· Testing conditions (e.g. saturated, dry fast, slow etc..)

· Diameter (cm)

· Length (cm)

· peak load (MPa)


· angle of failure plane


· description of failure (did one plane break or many? Did the failure seem to start at particular location?  What the failure rapid?)

Module 2: Data analysis.  

Complete the data analysis in lab today so that you can ask questions!!
1. Calculate peak stress (unconfined compressive strength) from the peak load recorded.  The attached chart should help and can be submitted with your report.

2. Look up published values of rock strength for comparable rock types listed in Table 11-3 from Handin, John, 1966, Strength and Ductility in Handbook of Physical Constants, ed. Clark, Geologic Society of America Memoir 97 (note: 10 bar = 1 MPa). A copy of this table can be found at the back of the lab room.

Keep in mind that some of the published tests are for confined rock strength (3 >0) performed on triaxial devices whereas our device is unaixial and measures unconfined strength.  You want to use results for a similar rock type and similar testing conditions (ie. confining pressure =0)

3. Convert in situ Schmidt rebound numbers that you collected in the field to unconfined compressive strength in MegaPascals (Mpa).  

4. Tabulate and compare in situ, your laboratory and published laboratory results (use units of MPa for all values)

Rock Strength Technical Report

Write a 4-5 page technical report on the strength tests that you investigated.

Complete one report per group.  This report is worth 25 lab points for each group member.  Report is due May 16 at 5pm (no late reports accepted).  

Introduction (4 pts)

· Describe the hypothesis that you have set out to test 

· Outline the results that you expect to attain

· Explain the geologic basis for the trends you expect to see

· Briefly outline how you set-up the experiment to test this hypothesis

Geologic Setting (1 pt)

Describe the tectonic setting, outcrop and rock that you sampled for the tests (Figures/sketches will help your descriptions)

Methodology  (5 pts)

· Briefly describe the procedure that you used for sample collection, in situ strength measurement, sample preparation, testing etc.

· Be sure to describe how the measurements were taken

Results (5 points)

· Show raw data from all tests and Schmidt readings.  Also show how you processed the data (show unit conversions).

· Present your results from in situ tests, your laboratory tests and the published laboratory values. (Table form will work well) 

Discussion (10 points)

· Compare the in situ measurements with the Schmidt Hammer to your laboratory measurements.  

· Is this discrepancy significant? List some reasons (2 or 3) for discrepancy between these measurements.

· Compare your laboratory strength to published values for comparable rock.  Is this discrepancy significant? What might account for the discrepancy?

· How did your results compare to the rock strength hypothesis that you outlined?

· What other factors might be playing a role in your results that were not considered in your initial hypothesis.
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