CIVL 415 Reinforced Concrete Design




Crumb Rubber Concrete Lab
Objective:

The objectives of this lab are to become familiar with using crumb rubber as a concrete aggregate and to determine the mechanical properties of crumb rubber concrete.  Each lab group is to construct and test concrete cylinders using crumb rubber to replace some of the aggregate for their assigned concrete mix design.  The mix will be the same one used for your regular and air entrained concrete cylinders at the specified water cement ratio.  The only difference will be replacing some percentage of the aggregate with crumb rubber.  Each lab section will be assigned a different percentage of crumb rubber (by volume) to replace a portion of the aggregate. 
Data from all of the labs will be combined to determine the desired properties of each concrete mix as a function of both water cement ratio, and crumb rubber content. 
Due:

Test Cylinders will be cast on the week of Monday 11/5/07.

28 Day cylinder tests will take place during the week of Monday 12/3/07. 

Lab reports will be due the week of Monday 12/10/07
Procedure:

Each group will prepare a minimum of three concrete cylinders utilizing their previously assigned mix design but substituting 3mm crumb rubber for the specified percentage of fine aggregate, and the rubber buffings for the specified percentage of the coarse aggregate.  The goal will be to determine the mechanical properties of crumb rubber concrete as a function of percentage of crumb rubber in the mix, and water cement ratio.  These properties include the compressive strength (fc’), the moduli of elasticity and rigidity (E and G), and Poisson’s ratio () as well as unit weight and air content of the various crumb rubber concrete mixes.
 Each lab section will be assigned a different crumb rubber percentage as follows:


Lab Section 1: _____ percent by volume of crumb rubber for fine and coarse aggregate.

Lab Section 2: _____ percent by volume of crumb rubber for fine and coarse aggregate.

Lab Section 3: _____ percent by volume of crumb rubber for fine and coarse aggregate.
Calculations are required to covert from aggregate volumes to aggregate weights according to the specific gravities of each,

Weight of crumb rubber = % Crumb Rubber*(Wt of Aggregate)(S.G. of Crumb Rubber) 








 (S.G.of Ag Replaced)
This should result in having similar volumes of each of the fine and coarse aggregates.

Note that the specific gravities of the mineral (stone based) aggregates typically ranges from 2.6 to 2.7, whereas the specific gravity of the crumb rubber products varies from 0.98 to 1.05 (A value of 1.0 is acceptable for this lab).   Also, the absorption capacity for crumb rubber typically varies between 1 and 4%.  It is acceptable to assume that the AC is the same as your mineral aggregates in establishing your mix design.
Observe the properties of the plastic concrete mix.  Measure the slump and air content (using) the pressure pot) of the crumb rubber concrete mix.  Record and comment on consistency and workability and note any problems relating to the crumb rubber ”floating” in the mix.  Prior to compression testing of the concrete cylinders, comment on the any unusual characteristics of the hardened concrete cylinders and weigh them to determine the unit weight of the crumb rubber concrete.

28 day strength (fc’) will be determined by averaging the breakage load of the three 4” x 8” concrete cylinders.  All samples will be tested at the same load rate as determined by the instructor on test day for consistent results.  The other mechanical properties will be obtained by using the compressometer to measure both axial and transverse strain as outlined in the lab manual.  The first two cylinders will be tested with the results averaged.  The third cylinder will be tested to approximately 60% of this average failure load with the compressometer installed taking readings of load and displacements (axial and transverse).  The cylinder will then be unloaded while recording displacement and load values and have the compressometer removed.  Be sure to collect enough data points to get reasonable stress-strain curves (10 points minimum).  The final cylinder can then be loaded to failure to get its compressive strength.  
Axial stress-axial strain curves will be constructed to determine the modulus of elasticity.  If the stress-strain curve is non-linear, use the secant method to establish the straight line portion of the curve.  The appropriate secant modulus is the slope of the line connecting the origin to the point that corresponds to fc’/2 on the stress-strain curve.   Determine Poisson’s ratio by utilizing axial and transverse strains at the intersection point of the non-linear stress-strain (transverse and axial) at fc’/2.  This will require constructing a stress-transverse strain diagram to scale of the transverse strain at the intersection point described above.  Finally, use the relationship between E, , and G (the elastic constants) to calculate G the shear modulus. 

G =     _  E__   


2(1+)

Each group is encouraged to research crumb rubber applications for Portland cement concrete, and to “brainstorm” some potential civil engineering (or other) applications of crumb rubber concrete.  Observations of the differences between the concrete properties during mixing, placing and ultimately testing of the crumb rubber concrete versus your original concrete mix design are required.
Some information has been provided in the class lecture for your use.  Please consider this a starting point and supplement this material with additional material found on the web or elsewhere.  Simply following the guidelines already provided to you is not sufficient to receive a good grade on this project.  I expect each group to research the topic and prepare your final lab report based on the results of the literature that you found and concepts that you have learned in this class.  
Data Sheet
1.  Assigned water-cement ratio = __________ Assigned crumb rubber % = ______________

2. Calculated weights of mix materials:




Original mix values
 
Weight of water = 



____________
____________
Weight of cement =  


____________
____________
Weight of mineral fine aggregate = 
____________
____________
Weight of 3mm crumb rubber = 

____________

Weight of mineral coarse aggregate =
____________
____________
Weight of rubber tire buffings = 

____________
3.  Air content of crumb rubber concrete = 
____________

4.  Comments on characteristics and workability of plastic crumb rubber concrete mix:

__________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

5.  Unit weight of crumb rubber concrete mix = _________________lb/ft3
Weight of each cylinder = ______________, ______________, ______________
6.  Comments on hardened crumb rubber concrete cylinders:

_______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

7.  C.R. Concrete cylinder compressive strengths = ________, _________, _________   psi

 Average Compressive Strength = _________________ (original Mix Design)

 Average Compressive Strength = _________________ (Air Entrained Concrete) @____% air
8.  Compressometer test data:

Axial deformation gage length =

 _________________ inches.
Transverse deformation gage length =
 _________________ inches.

From the load-deformation data, set up a spreadsheet to calculate stress and strain values and plot stress-strain curves (both axial and transverse) and determine the secant modulus (as described above), Poisson’s ratio and the shear modulus.  Compare these to values given in the text.  Compare the loading and unloading curves for the axial deformation.  Do they coincide or do exhibit inelastic or anelastic behavior?

E (Secant Modulus) = ________________________

Poisson’s Ratio =        ________________________

Shear Modulus =
    ________________________

	Load (pounds)
	Axial Deformation (inches)

Loading
	Transverse Deformation (inches)

Loading
	Axial Deformation (inches)

Unloading
	Transverse Deformation (inches)

Unloading

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	


9. For the aggregate class data (obtained from the instructor), plot and comment on the following relationships:
1. Unit weight as a function of crumb rubber percentage.

2. Compressive Strength as a function of crumb rubber percentage for various water-cement ratios (i.e. one curve for each w/c ratio).
3. Modulus of Elasticity as a function of crumb rubber percentage for various water-cement ratios (i.e. one curve for each w/c ratio).  
4. Air content as a function of crumb rubber percentage.
10.  Written Submittal: 

You are required to submit a group report summarizing the results of this experiment.  This report should include all supporting data and calculations as an appendix.  Also, you are required to cite all sources that were useful in completing this lab activity.  Specifically address the differences both measured and observed between your previously assigned concrete mix design and the crumb rubber concrete during the mixing, placing (including slump and air content) and testing.  Also, comment on the unit weights of each type of concrete.  Please suggest a novel application for crumb rubber concrete and make suggestions for improving this lab and/or integrating crumb rubber concrete (and utilizing waste tires) into the Civil Engineering Curriculum.
