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CONCEPT


This experiment introduces the ideas of material science. This experiment demonstrates the effect of the relative proportions of raw materials on the strength of the product.


OBJECTIVES


Demonstrate the changes in the strength of a concrete (mortar) mixture with changes in the water content of the mixture.


Demonstrate the mechanical advantage of using a lever to apply force.


Illustrate the importance of experimentation.


Use measurement and  formulas to describe the strength of each mix.


Introduce the use of spreadsheets.


Use calculator to figure regression line


SCIENCE and math PROCESS SKILLS


�
Predicting


Observing


Experimenting


Calculating


Investigating


Measuring


�
MATERIALS


Portland Cement (Type 1) (total Kg)


Sand (total Kg)


Water


Tubes (max. Diameter 1-1/4 in., max. height 4 in.) e.g.  a toilet paper roll tube or PVC pipe


1-1/2 in. metal clamp for securing PVC pipe


Plastic wrap (e.g. Saran Wrap)


Light oil to coat inside of PVC pipe or  wax for  cardboard tubes


Compressive strength testing apparatus, detailed below:


bathroom scale, min. 300-lb. capacity


small hydraulic jack


testing frame / lever (see figure 1)


Spreadsheets


Calculators


Measusring devices


Warning


Do not wash the cement mixture down sink drains.


SAFETY CAUTIONS


Wear safety glasses when testing the strength of the cylinders. Materials may become projectiles when crushed.


Procedure


Prepare 4 mortar mixes with varying water/cement (w/c) ratios


Mix 1 (w/c = 0.35): combine 300g sand with 150g cement and 52g  water; mix thoroughly.


Mix 2 (w/c = 0.40): combine 300g sand with 150g cement and 60g  water; mix thoroughly.


Mix 3 (w/c = 0.45): combine 300g sand with 150g cement and 67.5g  water; mix thoroughly


Mix 4 (w/c = 0.50): combine 300g sand with 150g cement and 75g water; mix thoroughly.


Cast mortar cylinder samples


Position your tube upright on a flat surface (use tape or some other method for securing tube to a cardboard surface).


Fill the tube with the mortar mix in 3 layers (each layer filling about 1/3 of the volume of the tube).  After pouring each layer, tap the layer with an unsharpened pencil or rod ,5 or more times.


Remove excess mix from the top of the tube and smooth the top.


Repeat for each of the four mortar mixes. Make sure to label the tubes with the “Mix” number.


Cure samples


Cover the top of freshly prepared cylinder/tubes with a small piece of plastic wrap; secure with a rubber band, making sure the rubber band does not crimp the tube.


Allow cylinders to stand undisturbed for 24 hours. Remove mortar cylinder from tube and place in a tub of water for an additional 48 hours or more. Make sure you identify the cylinders with the “Mix” number.


Test cylinders


Measure the diameter of the cylinder 3 times: at each end and in the middle. Record the average diameter of the cylinder. (How do you determine the diameter at the middle?)


Pressure test using  stress analyzer machine OR  follow steps  3-5 below.


Position the cured cylinder in loading frame as shown in Figure 1.


Position the hydraulic jack and lever arm as shown. Record the weight of the hydraulic jack and lever arm prior to “pumping” the jack.


Slowly pump the jack handle; record the weight after every three strokes, until weight starts to level off (indicating specimen failure); stop pumping handle and record the maximum weight shown.


Repeat for each of the four cylinders.


�
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Calculate strength of mortar mix.


The load frame gives a 10:1 mechanical advantage. Calculate the maximum force placed on the mixture by multiplying the maximum recorded net weight (total recorded weight minus the weight of the hydraulic jack and lever arm) by 10.


Calculate the strength of the mix by dividing the maximum force applied by the cross sectional area of the cylinder.


Repeat for each of the four mixes.


Determine effect of w/c ratio


Plot the strength of each mixture on the Y-axis and the corresponding w/c ratio on the X-axis.


Determine mechanical advantage of lever


Compare the maximum force placed on the mixture (step 5) with the weight of the bucket plus sand (step 4).  The ratio [applied force] to [bucket/sand weight] should be approximately 10.


Step 8: Figure average of diameters of tubes.


Step 9:  Figure area of tube in square inches.


Step l0: Record breaking point in pounds of each specimen.


Step ll:  Figure PSI of specimens.


Step l2:  Determine average strength and standard deviation


ASSESSMENT


Make a spreadsheet showing results of this experiment.


Determine some causative affects making this problem happen, machine, material, measurement, method, eetc.  You may use charts, diagrams, pictures, etc.  Identify where th problem occurs in the process.


Show the steps of your process from start to finish and include possible causes at the step/s where the occurance happens.


Make an X and R chart showing process average, average range, etc.


Calculate process limits, specification limits, capability, ratio and index and explain your reasons.


Lab report.


Journal.
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