Teachers Guide — Concrete production, testingand p  roduct
manufacture

The concrete unit includes activities to take students through the process of selecting
the right materials for concrete and creating a usable product. The steps include:

making concrete with a range of different aggregates

measuring the force required to break the concrete

analysis of the strength of the concrete and selection of the best mix
creating a product from concrete

Details are included here to help make these classes run smoothly.

1. A note on timing of lessons (day-by-day plan): The daily plan provided for Unit 3
is somewhat flexible, and can be changed to accommodate necessary curing times for
the concrete test cylinders and concrete prototype. Small cylinders will need about 3 to
4 days to cure before testing. The prototype, depending on what the product is, may
require more than a week of curing before it can be removed from the molds. Breaks in
the daily plan caused by weekends, holidays, or vacations can used to the teacher’s
advantage, to provide a little extra curing time for the concrete objects without having to
move too far ahead in the unit.

2. Concrete test cylinders:  Engineers make and test concrete cylinders to define the

strength of the concrete. They usually use large cylinders (~4” x 12”). These cylinders

require a lot of materials, generate a lot of waste, and require significant force to break.
In the classroom, it is generally best to use the smaller cylinders.> Some details for the
classroom instruction:

Each pair of students will need cement, coarse aggregate, fine aggregate and
water. Sample recipes are provided in Table 1, below, but the choice of waste
materials to use as substitute aggregates will depend on what is available.? Our
experience has shown that it is generally advisable, during the cylinder testing, to
prepare each sample using waste material as either a fine or a coarse aggregate,
but not both. (Sand and pea stone gravel were used as traditional aggregates in
combination with the waste materials.) Experimentally, this allowed for
comparison of each individual waste material — in other words, only one variable
was altered at a time. It did not, however, allow for testing of interactions that
may occur between 2 different waste materials in the same batch.

Students will add cement, coarse aggregate and fine aggregate into a bucket and
will mix it well before adding water. Once the water is added the students should
continue to stir until the contents are well mixed and ready to pour into the
cylinders. Next add a drop of air entrainment solution to the concrete and mix.

! Paragon Products, Mt. Pleasant lowa, 1202-301 2" x 4" gray test cylinder (800-776-0385)

% For sources of waste materials that may be suitable as aggregates in concrete, teachers may wish to
contact their local waste management facility. Other possible resources include local manufacturing
facilities, that may be required to dispose of large amounts of solid waste byproducts from their processes
(e.g., wood chips or sawdust from a sawmill, shredded plastic from an electronics plant, etc..)



Students will then pour the concrete into the cylinders in three stages. This
means that a student will fill his/her cylinder a third of the way and then will rod
the cement to uniformly mix it in the cylinder. NOTE: Students should not stir
they should simple thrust up and down through the concrete mix. Then the
student should add more of the mix until it reaches 2/3 to the top of the cylinder
and should rod again. NOTE: Students should only rod the second 3rd of the
mix, careful not to mix the first 3rd with the second. Then students should repeat
for the remaining cylinder: topping it off, rodding it, then smoothing off the top,
then sealing it with saran wrap so it will cure properly.

Store the test cylinders and allow the concrete to cure (at least 3 days).

Table 1: Example recipes for concrete — enough for 1 2” x 4” cylinder

Coarse aggregate Fine Aggregate Cement
Cylinder [ Type amount Type amount amount
# (8 0z. cups) (8 0z. cups) (8 oz.
cups)
1 Woodchips 1 Sand 0.5 0.5
2 Paper 1 Sand 0.5 0.5
3 Shredded 0.75 Sand 0.5 0.5
PVC
4 Shredded 0.5 Sand 0.5 0.5
Rubber
5 Stone 0.5 Recycled Plastic 0.5 0.5
6 Stone 0.5 Waste Sand 0.5 0.5
7 Stone 0.5 Green Beaded Glass 0.5 0.5
8 Stone 0.5 White Powdered Glass 0.5 0.5
9 Stone 0.5 Sand 0.5 0.5

3. Concrete testing : Large equipment that utilizes a hydraulic press and can measure
the total force applied to the cylinder before it fails is the best way to determine the
strength of concrete. A nearby University or materials testing firm could provide a great
field trip for breaking cylinders.

The table below provides an example of concrete testing with a hydraulic jack intended
for breaking cylinders (note that, in table, recycled plastic consists of plastic pellets

Cylinder # Material Tested Amount of Water Additional Sand Weight (lb) Density (lb/ft"3) Load (pounds) Compression Strength (psi) Comments
la Recycled Plastic 5 Cups 0 Cups 6.9 118.60 8700 692.34
1b Recycled Plastic 5 0 7.12 122.38 7900 628.68 water streamed out
2a White Glass 7 0 - #VALUE! 0 0.00 didn't cure
2b White Glass 7 0 - #VALUE! 0 0.00 didn't cure
3a Green Glass 5 2 8.1 139.23 10800 859.46
3b Green Glass 5 2 8.05 138.37 9900 787.84
4a Waste Sand 3 0 8 137.51 26000 2069.08
4b Waste Sand 3 0 7.97 136.99 25000 1989.50
5a Shredded Rubber 5 1 6.26 107.60 2800 222.82
5b Shredded Rubber 5 1 6.35 109.15 2500 198.95
6a Paper 5 1 6.65 114.31 3100 246.70
6b Paper 5 1 6.63 113.96 2700 214.87
7 Broken Glass 2 0 7.5 128.92 10300 819.67
8a Wood Chips 6 0 5.95 102.27 2500 198.95
8b Wood Chips 6 0 6.1 104.85 2400 190.99
9a Gypsum 6 0 6.12 105.20 3200 254.66
9b Gypsum 6 0 5.85 B 8400 668.47
10 Shredded PVC 4.5 0 6.9 118.60 8200 652.55
1lla Completely Random 4 0.25 6.6 113.45 3500 278.53
11b Gyp, PVC, W&G Glass 4 0.50 6.00 103.13 4700 374.03
12a Rubber, Recycled Plastic 6.5 0 4.6 79.07 2600 206.91
12b Rubber, Recycled Plastic 6.5 0 4.65 79.93 2700 214.87
13a Normal - Sand & Stone 5 0 7.95 136.65 15500 1233.49
13b Normal - Sand & Stone 5 0 7.1 122.04 15800 1257.36
14 Random Extra ? ? 7.1 122.04 6000 477.48

Ingredients (for two cylinders) = (4.5 Cups Cement) + (10 Cups Coarse Aggregate) + (9 Cups Fine Aggregate) + (Amount of Water as Seen in Table)
Note: We used cement that is over a year old.
Note: Additional sand was added in a few samples because too much water was added so the mixture had to be adjusted.



which are waste materials generated at an automobile manufacturing plant; shredded
PVC is a byproduct of PVC pipe manufacture; white glass is a glass powder material
disposed of at a glass bead production plant; green glass is a larger, beaded glass
material, and rubber is a shredded rubber material manufactured from waste tires.)

When a large hydraulic press is not available for testing the compression strength, the
cylinders can be broken with a bottle jack as described below.

Our alternative suggestion is a fairly simply constructed device to allow the use of a ten-
ton hydraulic bottle jack as the load applier (4 ton hydraulic press, Part #4711-5VGA,
Harbor Freight, www.harborfreight.com). The device must be constructed out of ¥4’ thick
steel to resist deflection to make it durable enough to withstand many tests.

The hydraulic jack is placed on the jack platform and the cylinder to be tested is placed
on the top of the jack. Pressure is then applied to the cylinder until it fails. The load that
the cylinder withstands can be measured by the amount of full pumps applied to the
jack, or another type of measuring device can be substituted.



4. Concrete products: We have successfully made concrete benches and concrete
stepping stones in the classroom. Students have then built patios and placed their
benches on the patio for a school beautification project. Other students have taken their
stepping stones home.

Stepping Stones

Concrete forms can be made by the students or purchased. A web search on “concrete
molds” will generate a wide variety of options.

If you are going to make stepping stones (12" octagons), you should have two students
work on one octagon. The amount of concrete needed to fill the mold is too great to
have one person mix it.

So for 1/2 an octagon (each student):

2.5 cups coarse aggregate (shredded PVC)
2.5 cups fine aggregate (e.g., White Glass)
2.5 cups Cement

TO make 12 whole stepping stones you will need:

1 bucket (5 gallon size) fine aggregate
1 bucket Cement
1 bucket coarse aggregate
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Octagon concrete stepping stones



Larger (14”) sunflower concrete stepping stone

Flower pots

Although somewhat heavy, concrete makes a good material for patio-sized containers
for flowers. Students can easily make their own molds and fill with concrete. These
could generate a great place to use your compost!

Office-sized wastepaper baskets are a good size to create the molds. Two are
required, with concrete filling a gap between the two containers (see picture below). In
addition to the spacer shown in the picture at the bottom of the mold, three additional
spacers around the top are also advised.






Concrete benches

Making the Concrete Bench Mold

A concrete bench requires that a mold be made (generally by instructor) before the
students can make their product.

Items Needed: 4'x4’ sheet of ¥ inch plywood, 10ft? of 20 gauge aluminum sheet,
Screws

Start by laying out the following shape on a 4-foot by 4-foot sheet of % inch plywood as
shown below.

Figure 1: Basic Layout of Bench Mold

This shape has the proper dimensions for a chair. You should lay the shape on the
plywood like figure 2; so as to get two bench molds from the plywood. Add fillets and
arcs to the shape as desired. For a suggested shape see figure 3.



Figure 2: Layout of shapes on 4’ x 4’ sheet of ppa

Figure 3: Final Bench Shape (Example)

After one of the final shapes has been drawn on the plywood, cut out the shape with a

jigsaw. For the next bench end, simply trace the cut piece. This will ensure that both
bench molds are the same.

Now the sides of the mold need to be constructed. For this 20-gauge aluminum sheet
metal is cut into four-inch wide strips. You will need approximately 5 square feet of
metal for one bench end. See Figure 4.



Figure 4: Sheet Metal Layout (Example)

The 4-inch wide strips need to be attached to the plywood. Lay the plywood down on a
large surface. Hold the aluminum perpendicular to the plywood. Dirill a pilot hole
through the aluminum and into the side of the plywood. Attach the aluminum with wood
screws. Continue this process around the perimeter of the plywood, making sure to
overlap the aluminum when a new piece is started. When finished, the mold should
look like figure 5. The mold can be sealed with silicone and a caulking gun if desired.

Figure 5: Finished Bench Mold

Concrete Recipe

Items needed: Aggregate, Cement, Canola Oil, trowels, shovel, wheelbarrow

For 1 bench side:



2.5 Gallons Shredded PVC (solid waste coarse aggregate)

2.5 Gallons Stone

2.5 Gallons Powdered White Glass (solid waste fine aggregate)
2.5 Gallons Sand

5 Gallons Cement

Remember this is for only one side of a bench. You can rent a mixer or use a wheel
barrel. | found that using the wheel barrel keeps the students more active. | would
recommend making the above recipe, pour it and then do it again for the other bench
end. Making the entire amount of concrete at once might prove difficult.

Pouring the Concrete Bench

Before pouring any concrete into the mold, it should be propped up on wood blocks so
you can get your hands underneath the mold when the concrete has hardened. Spread
canola oil with paper towel on plywood and aluminum surfaces. The Plywood should
appear damp with no puddles. Fill the mold approximately 1/3 with concrete. Rod
(compact) this layer of concrete, making sure to get around all edges of the bench.
Place chicken wire on top of this layer of concrete for reinforcement. Pour another third
of concrete into the mold. Rod this second layer only. Do not push the first layer of
chicken wire down. Apply another layer of chicken wire and then fill the mold with
concrete. Again, rod only the top layer and make the top surface as smooth as possible.

Assembling the Concrete Bench

ltems needed: 2x4, 2x6, 12 nuts & bolts, 24 washers, wood screws

First flip the concrete molds over so the bottom of the plywood is facing up. Lightly tap

the sides of the concrete with a hammer until the aluminum is free. Tap on the plywood
with the hammer to get the concrete to slide out of the molds. If this does not work, take
some of the screws out of the mold and peel back the aluminum. The molds should be
reusable if you take your time and are careful about how the concrete is extracted.

Attach 2x4’s parallel to the seat and backrest as seen in figure 6.



Figure 6: 2x4’s Attached to Concrete

While holding the 2x4’s in place, drill holes through both the wood and concrete. Place
bolts and washers through the holes and attach the boards. Next, construct the seat
slats using 2x6. See figure 7.

Figure 7: Seat Slat

The lengths of the boards are up to you. | would suggest 6-8 feet long. The seatisa T
cross section to supply more support so it will not sag. Use wood screws to attach the
top and bottom portions of the “T.” The cutouts on the ends of the T are so that the seat
can slide over the 2x4 already attached to the concrete. Then simply screw the top of
the seat into the 2x4. The backrest will not require the “T” cross section. The bench will
require 2 seat slats and 2 boards for the backrest. When finished the bench should look
like Figures 8 and 9.



Figure 8: Finished Bench

Figure 9: Finished Bench I



