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Appendix D - Concrete Beam Design, Construction and Testing

1.  Task
The objective of this lab is to provide you and your classmates with hands-on experience with reinforced concrete design, construction and testing.  You will design and construct a reinforced concrete beam. Then by testing the beam you constructed, you will learn about the structural behavior and relative strengths and weaknesses of reinforced concrete.

2.  Purpose
This activity relates to CIV ENGR 330, Elementary Structural Analysis; CIV ENGR 372, Behavior and Analysis of Structures; CIV ENGR 473, Structural Design; and CIV ENGR 474, Behavior and Design of Concrete Members.  You will experience the influence of cross-sectional aspect ratio and steel reinforcement placement on flexural strength.  This lesson shows the relative strengths of steel and concrete in both tension and compression.  You will also witness various forms of brittle and ductile failure, and learn the safety implications from each form of failure.

3.  Learning Objectives
a) Apply previous knowledge, experience, and common sense to produce the strongest possible concrete beam under midpoint loading, using a given amount of concrete and reinforcing steel.

b) Explain the correct placement of longitudinal rebar in a concrete beam to achieve maximum flexural strength with respect to:
·  Relative strengths of concrete and steel in tension and compression
·  Cross-sectional stress distribution due to flexural loading
·  Moment diagram due to the applied flexural load
c) Understand the impact of cross-sectional shape (aspect ratio) on a beam’s flexural strength.  Describe in terms of the cross-sectional moment of inertia and the flexural stress equation.

d) Recognize the difference between a ductile and a brittle reinforced concrete failure, and discuss the advantages of one over the other.

e) Explain the differences between theoretical (calculated) flexural strength and actual maximum loads.

f) Appreciate the importance of using safe procedures when working with full scale structural components.

4.  Role and Responsibilities of Cadet Flight Commander
a) Carefully read this course material not later than the evening prior to this activity.

b) Make sure that each member of your flight brings a calculator, straight-edge, and a pencil.
c) Make sure that each member of your flight has all required personal safety equipment prior to leaving the billeting area for the activity site, including steel toe boots, safety glasses, hard hat, leather work gloves and complete BDU uniform
d) Emphasize safety and make sure your flight is in position and ready to work at the appointed time.

5. Assignments and Assessments
a) Carefully read this course material not later than the evening prior to this activity.

b) Complete, as a flight, the 100 point worksheet by the end of week 2.  This worksheet will be given to you after you’ve designed and partially constructed your beam.
6.
Safety
a)  Hard hats, eye protection, work gloves, and toe protectors required.

b)  Be alert around ready-mix truck and swinging concrete chutes.

c)  Avoid skin contact with fresh concrete.

d)  Watch for protruding nails and wire.

e)  Use extreme caution when transporting and placing concrete beams.

f)  Stand clear or inside testing frame when loading beams.

7.  Equipment List

BEAM DESIGN AND CONSTRUCTION (1ST WEEK)


_  pencil









_  concrete vibrator


_  straight edge








_  backup concrete vibrator


_  calculator








_  power for concrete vibrator


_  carpenter’s pencil






_  concrete finishing trowels


_  adjustable forms with spacers and blocks

_  shovels (round)


_  0.5 cubic yards of concrete per beam


_  two square shovels


_  3 lengths of  16' No. 4 rebar per beam


_  two hoes


_  steel wire








_  wheel barrel, with water


_  pliers/wire cutter







_  one tape measure per beam


_  rebar bender/cutter






_  masking tape


_  two framing hammers per element


_  two empty concrete test cylinders


_  double-headed nails





_  concrete slump cone with rod


_  visquine plastic






_  soapstone/chalk to mark rebar

_  scissors to cut plastic





_  safety glasses

_  staple gun with staples




_  bucket with soap to clean hands

_  rubber gloves







_  stiff cleaning brush/street brooms

_  hand lotion










BEAM TESTING (2ND WEEK)


_  needle nose pliers/wire cutters


_  jack assembly with gauges/deflectometer


_  two hammers per beam




_  steel shim plates for jack


_  A/T Forklift







_  two cargo straps to secure beam to frame


_  Street brooms






_  chalk/marker
 
8.  Text
CONCRETE BEAM DESIGN, CONSTRUCTION AND TESTING

I.  Objective

The objective of this lab is to provide you and your classmates with hands-on experience with reinforced concrete design, construction and testing.  You will design and construct a reinforced concrete beam, and then by testing the beam you constructed, you will learn about the structural behavior and relative strengths and weaknesses of reinforced concrete.

In this laboratory you will try to design and construct the strongest concrete beam possible to span 15 feet (thus 16 foot total length).  This will be accomplished by you and your team applying what you learned in Engineering Mechanics 120 and Civil Engineering 330 to build the beam.  You will be given all the necessary materials, but you must supply the ingenuity and creativity.

In the end, your team's beam will compete against others on the beam testing frame.  The testing frame is capable of applying up to 22,000 pound loads to four beams simultaneously.  Each of the beams will be loaded until failure and the beam which carries the highest load before failure will be declared the winner.

II.  Preparation
Before you start the laboratory, make sure you have completed the following:

a) 
Read this course material carefully
b) 
Wear BDUs, hard hat, eye protection, work gloves, and toe protectors

c) 
Bring a pencil, calculator, and a straight edge Read this handout carefully

d) 
Come to the lab with an open mind and lots of creativity!
III.  Scenario

Due to defense budget reductions, your Base Civil Engineering Squadron must cut back on manpower.  At the moment there are four teams, but this number must be reduced to only one.  Your commander has devised a competition to determine the best team in the squadron.  Each team must design and build a 16 foot long concrete beam to be tested on the beam testing frame.  The team whose beam supports the largest load before failure occurs will be retained.  The other three groups will be reassigned to North Dakota for retraining in the exciting and rewarding missile operator career field.  Your team needs to work very hard to win this competition so you can stay on this base and live a long and happy C.E. life.  Your future is up to you!  Use the materials given to you and the knowledge you possess to build the strongest beam possible.

IV.  Materials
See section 7 above.
V.   Beam Design and Construction Procedures

1. Design of Concrete Beam

The first thing your team must concentrate on is the design of an optimal beam to span 15 feet and carry the maximum possible concentrated load at mid-span. You will be given a set of adjustable wooden forms.  These forms are set at 16 feet in length, but the width is adjustable.  Your beam must be not less than 6 inches wide and not more than 18 inches wide, due to beam testing and safety requirements.  When you have completed your design, you must submit top, side and front view drawings to your instructor for approval before you begin construction.  These drawings of your design should include all dimensions required to define your design, including dimensions for rebar placement, if you choose to use rebar.  If you do choose to use rebar, you must also describe your method of placement of the rebar to your instructor and tell him of any problems you anticipate.  When the concrete is placed into the forms, your rebar will tend to move out of place.  How do you propose to keep them in place so that what you actually construct is what you designed? 

2. Erecting the Adjustable Form

Once your instructor has approved your design, you are ready to start the actual construction phase.  You will be using adjustable forms to make the mold for your concrete beam.  One important note to remember before you start is that even though the forms are built to be very sturdy, you should take care when assembling and disassembling them since other classes use them also.

Your instructor will show you how to place the three fixed walls of the form.  The fourth wall should be placed according to your design.  This fourth wall is referred to as the adjustable wall.  Your instructor will explain how to place and secure the adjustable wall to achieve your design dimensions.  The distance from the adjustable to the other side wall is the width of your beam.  The adjustable wall must to be placed according to your design specifications, so be sure to measure accurately both at the base and the top of the wall.  Remember that the width of the beam must be uniform over the entire length of the beam.

After the adjustable wall is correctly placed, check your form once more for uniform width, top and bottom, along the entire length.  If the width is not uniform, reset the adjustable wall.

If you have any questions about how to erect the forms, ask your instructor or log cadets.  Once you have erected the form according to your design dimensions, have your instructor or log cadets inspect it before you continue.

3.  Visquine Placement and Form Release Agent
Visquine plastic is used to keep the concrete from seeping out of the forms and covers the concrete while curing.   Place a sheet of the visquine underneath the forms; bring it up in a U-shape around the outside of the forms, but inside of the blocking, so it forms a leak-proof saddle.  The visquine will prevent casting against the pad and serve as a good drop cloth for spraying down your forms without getting release agent all over the pad.  Spray down the inside and top of your forms completely with the form release agent.  This will prevent the concrete from casting to the form work.
4.  Use of the Rebar
If you use steel reinforcing bar in your beam, you must now secure it in place at the location(s) specified in your design.  Steel wire, nails and whatever else you can find around the construction site are available to you for use in accomplishing this task.  You will be provided with no specific instructions on how to do this, so use your ingenuity.  Keep in mind that you need to place it securely enough so that it doesn’t move from the designed position when you pour the concrete into the form, vibrate it, and finish it.  After you have completed your rebar placement, have your instructor check your work one last time before the concrete arrives.

5.  Spacers

After you have completed the taping, your instructor will demonstrate how to attach spacers (pipe clamps) to the top of your form.  Once again, you must measure the width of the walls at the top of the form to make sure it matches your design width before securing the spacers.  Do not place a spacer at mid-span of the beam.  If you do, you will be unable to satisfactorily finish the top of the beam at the location where the loading jack will bear.

6.  The Depth “T”

The log cadets will assist you in building a Depth “T” to ensure you get the right amount of concrete.  

7.  Placement of the Concrete
The concrete (1/2 cubic yard) is delivered by a contractor via ready-mix truck.  Your flight is responsible for greeting the driver, briefing him on this activity, and guiding the truck to the correct position to accomplish the pour.  You should appoint one member of your team to talk with the driver and discuss the correct hand signals for backing the truck into position, directing the placement of the chute, and controlling the rate of delivery of concrete down the chute.  Prior to accepting the load, a concrete slump test must be performed.  Your instructor will demonstrate how this is done and accept the load or request appropriate modifications to the mix to obtain the slump specified in the ready-mix order.  While the truck is on site, you are also responsible for obtaining samples of the load for testing in the civil engineering laboratory.  You should collect the samples in accordance with standard ASTM procedures as explained by your instructor.  One cylinder will be cured on site under the same conditions as your beams, and the other cylinder will be cured under closely controlled conditions in the civil engineering laboratory.  We will test the cylinders and use the results to predict the strength of your full-scale beams.  When the truck is correctly positioned, grab shovels and trowels and get ready to place the concrete coming down the chute.  As you fill the form and spread the concrete from end to end, take care to avoid prolonged contact between the concrete and your skin.  If you get concrete on your skin, wash it off immediately with water available at the site or from the ready-mix truck.  Fill your form to the bottom of the “T”.  Do not over fill your form.

8.  Voids (Air Bubbles)

When the concrete is placed into the forms it is possible that air bubbles may be trapped within.  These air bubbles will decrease the strength of your beam, and should be removed via vibration.  You will use a concrete vibrator to accomplish this task.  Lower the vibrator into the concrete every 1.5 to 2 feet along the beam, being careful not to touch the bottom of the form.  Turn it on for about  2 seconds at a time, and you will see the concrete settle appreciably.  Do not over vibrate the concrete, or it will segregate.  Segregation means the aggregate in the concrete sinks toward the bottom and water and paste rise toward the top, seriously weakening the cured concrete.

9.  Finishing

Use trowels to smooth off the top of the concrete.  The goal is to make the top of the concrete beam level with the bottom of your tape markers, and have a consistent height along the entire length of the beam.  Take special care to achieve a smooth and level surface at the midpoint of the beam, where the loading jack will sit.  If you can’t resist writing in the wet concrete, at least be creative.  Check with your instructor when you have completed this stage.

10.  Handles
Your activity director will provide you with two rebar “handles” to be inserted in your beam.  These will provide the lifting points to transport your beam by forklift.  Your activity director and log cadets will guide you in proper location for insertion.  

11.  Covering

Dryness is the enemy of concrete during the curing process.  If the surface is allowed to dry out, cracking and weakening of the concrete will occur.  This is of particular concern in Colorado, with its normally low humidity.  To avoid excessive drying during curing, carefully pour enough water on top of your finished beam to cover it from end to end.  Once this is done, cover the entire length of the beam with visquine.  Staple the visquine securely to the form (don’t forget the Front Range winds).  This will reduce evaporation and drying, and protect the top of your beam.  The job is not finished until you have thoroughly cleaned your tools and policed the construction area.  Once you have done this, you can step back, admire your work, swap lies, and make bets with other teams.

VI.  Beam Testing Procedures

1.  Stripping the Forms

After seven days of curing, your beam will be ready for testing.  In order to strip the forms, first cut any wires that may be protruding from the top of the concrete as close to the surface of the concrete as possible.  These protruding wires constitute a safety hazard, and may rip your BDUs or your arm if you aren’t careful.  In addition, use pliers to pull any and all staples that you can from the form.  Then detach the spacers from the top of the forms.  Next remove all nails connecting the adjustable wall to the base and ends, being careful not to damage the forms as you do so.  Finally, loosen the end clamps, and you should be able to remove the adjustable wall from the rest of the beam.

2.  Transporting the Beam

Your beam will be moved to the testing frame using the rebar handles and a front end loader or forklift.  Use extreme caution during all phases of the moving operation; your beam weighs about a ton, and could ruin your whole day.  Your instructor will provide specific instructions on how to pick up, move, and place the beam on the test frame.  This is not the time to sleep in class.  Use particular caution when moving the beam around for final centering on the beam test frame.  Your fingers stand little chance when caught between a ton of concrete and a steel column.  At the testing frame, place the beam so that it is centered with equal bearing lengths on the steel supporting brackets at each end of the beam.  Make sure that there is an equal distance between the beam and the steel test frame column at each end of the beam.  Once the beam has been positioned and gently dropped into place, the lifting straps should be removed and used as safety straps at each end of the beam.  To do this, loosely wrap the strap around the beam inside the steel columns, and then around the columns and/or braces themselves.  

3.  Hydraulic Jack Placement and Calibration

A hydraulic jack with a fragile gauge attached will be used to load your beam. Use extreme care when handling the jack.  The jack will be used to apply the load, record the load, and measure the beam deflection during testing.  The jack will be operated and the readings taken from inside the testing frame while the load is being applied.  Orient the jack with that in mind.  Your instructor will explain the procedure for placing the jack, calibrating the deflectometer, applying the load, and recording the test data.  Once you have the jack in place and calibrated, have your instructor check it off.

4.  Applying the Load
Now that the beam is in place, the jack centered and the gauges calibrated, you are ready to apply the load.  The load should be applied and the gauges read from the inside of the testing frame.  This is to ensure your safety in case the beam rolls off the supports.  Select one person on your team to apply the load, one to read the pressure gauge, one to read the deflectometer (if used), and one to record the data on a predesigned data sheet.  Your instructor will answer questions concerning the specific requirements of each of these positions.

On your instructor’s cue, begin loading your beam and recording data.  How do you think your beam will fail?  What will define the maximum strength of the beam?  Be prepared to discuss the theoretical strength of your beam (calculated on your worksheets and based on your design dimensions) compared to the actual strength determined by this load test.  Are they the same?  If not, why the difference?  Be prepared to summarize lessons learned during this activity to your instructor.  Finally, be prepared to pay off your debts or collect your winnings from the other teams, along with jeers or cheers as appropriate.  And don’t do a memory dump of what you learn during this exercise.  It provides a foundation for a number of important principles that you will see many times in later civil engineering courses.

Welcome to the world of structural engineering, and best wishes for a fabulous undergraduate civil engineering career!
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OPERATION ENDURING FREEDOM (AFPN) -- Tech. Sgt. John Deyo guides a panel through a machine being used to construct a new transportation building at Al Udeid Air Base, Qatar. Devo is a structural craftsman with the 819th/219th Expeditionary Red Horse Squadron. Squadron people are working 12-hours a day, six days a week to build numerous structures for the 379th Air Expeditionary Wing supporting Operation Enduring Freedom. (Photo by Staff Sgt. Matthew Hannen)
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