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Appendix L – Materials Testing

1.
Task
This activity will consist of four hours of classroom and lab time.  The classroom portion will comprise about one-third of the lesson and will give you the background information necessary to complete the lab.  The lab will consist of compression, tensile, flexural and shear testing of the three primary materials used in civil engineering projects: concrete, steel, and wood.  After each of the tests is completed, you will record and calculate the material properties of the specimens.  You will submit the recorded material properties, including any and all required graphs in the form of a lab report. 

2.
Purpose
You are performing this activity for two reasons:

a) To familiarize you with those material properties which you will use later in your design and analysis courses such as, CIV ENGR 372, CIV ENGR 373, CIV ENGR 473, CIV ENGR 474, and CIV ENGR 480.

b) So that you will gain an appreciation for the tests which must be performed, by yourself as well as lab technicians, to determine and verify those engineering properties which are necessary to design and analyze civil engineering structures. 

3.
Learning Objectives
a) Understand how engineering properties of materials are crucial to the proper design and behavior of structures.

b) Understand that materials testing is completed to determine engineering properties in advance as well as to verify properties that are assumed initially.

c) List material properties commonly needed in design/analysis.

d) Know the relative value of material properties of concrete, steel and wood.

e) Steel Testing (Tension Specimen):

1) Recognize the stress-strain plot for a steel specimen.

2) Locate different points on the plot (fy, fu) and know their importance in engineering design.

3) Recognize the “classic” tension specimen failure mode.

4) Understand the concept of yielding.

f) Concrete Testing (Compression Cylinders):

1) Understand the importance of compressive strength tests of concrete cylinders.

2) Recognize the “classic” cylinder failure mode.

3) Recognize the non-linear behavior of concrete.

4) Understand the difference between cylinder compressive strength, f’c, and in-place concrete strength, fc.

5) Calculate f’c and E from experimental data and from a stress-strain plot.

g) Concrete Testing  (Flexure Beam): 

1) Understand what property the flexure beam test provides.

2) Understand why flexure beam is loaded at third points.

3) Understand why the modulus of rupture, fr, is important in concrete design.

4) Calculate fr from experimental data.

h) Wood Testing (Various Tests):

· Understand wood properties are greatly influenced by the anisotropic nature of wood (i.e. properties are influenced by the direction of the grain).

4.
Roles and Responsibilities of Cadet Flight Commander
a) The Cadet Flight Commander will ensure the students arrive at the Civil Engineering Lab approximately 10 minutes before the scheduled start of class.  Each student must have the following items:

· Graph Paper (10 squares/inch)

· Calculator

· Pencil and Eraser

· Straight edge and French curves (or something similar)

· These notes and an understanding of them

b) The Cadet Flight Commander will ensure proper safety procedures, as briefed at the start of the activity by lab personnel, are followed at all times.

5.
Assessment
Assessment of this activity will be through a grade that is assigned to lab work that is conducted in groups of three or four, and also a short individual effort quiz, which will cover the material presented during the day.  Total value for this event is 100 points – 70 based on group lab work and 30 for the quiz.
6.
Safety
The testing machines you will be working with are extremely powerful and thus require a great deal of respect and caution.  Moreover, some of the specimens that you will be breaking will fail violently and without warning--be alert and use common sense in the laboratory.  You will consider any order from a lab technician or activity leader a direct verbal order and will carry it out immediately.

7.
Materials Testing Lesson Objectives
a)  COMMONLY USED MATERIALS IN CIVIL ENGINEERING PROJECTS


1)  Portland Cement Concrete (PCC), steel and wood are construction materials used most often


2)  Frequency of usage depends on type of structure, material availability, material cost, and area 

standard construction methods.
b)  THE NEED TO KNOW MATERIAL PROPERTIES 


1)  Can the structure perform as intended?


2)  How much material is required?

c)  REASONS FOR MATERIALS TESTING 

1) Design and analysis of structures typically requires the assumption of the material properties.  The actual material properties will differ, and we need to know by how much.

2) Experimental work typically requires that the actual material properties are known in advance.

d)  MATERIAL PROPERTIES USUALLY REQUIRED

1)
PCC:  f(c, f r, E

2)
Steel:  f y, f u, E

3)  
Wood:  f c, f c(, f t, f v, E

e)  RELATIVE MATERIAL PROPERTIES (PCC vs. Steel vs. Wood)

1)
Steel is the strongest, equally strong in tension and compression, and the most ductile.

2)
PCC stress-strain relationship is non-linear and will fail in a brittle manner

3)
Wood properties depend on the orientation of the wood grain and generally fail in a brittle manner. 

8.
Text

Steel Tension Test
a)
The two most commonly used varieties of structural steel, A36 and A572 Gr 50, have unique stress (() versus strain (() curves that feature 3 regions: elastic, “perfectly plastic,” and strain-hardening

b)
The yield stress found during a test, f y, is used to obtain the specified yield stress used in design, Fy.

c)
The “classic” tension specimen failure mode is cleavage/rupture in the middle part of the specimen, and shear/slip along the sides (either can occur first).

d)
To build a stress-strain plot from load-deflection data, go through the following uni-axial tension test 

procedure:

The test that will be done is called the uni-axial tension test.  This test is probably the most commonly performed destructive test for determining the mechanical properties of metals.  The test is common because it is simple to perform and gives a great deal of information about the material.  Typically, there are four required data from this test:  yield point (f y), tensile strength (f u), elongation, and reduction of area.   

(i)  Measure the length, and diameter of the specimen and calculate the cross-sectional area.


(ii)  Place the specimen in the appropriate testing machine and load the specimen as directed.

(iii)  Calculate and plot the stress (P/A) and strain ((/L) at periodic times during the test.  The modulus of elasticity, E, is the slope of the stress-strain plot during the linear portion of the test.  The modulus, E, is therefore the value of the stress divided by the associated strain within the linear portion of the curve.  The relationship of that ( = E ( is known as Hooke's law.


(iv)  LABORATORY RESULTS

     a.  Record the values of P and ( at the yield, ultimate and rupture strengths on the data sheet provided to you.

     b.  Calculate the values of  ( and ( at the yield, ultimate and rupture strengths.



     c.  Note the manner in which failure occurred

8.  Concrete Compression Cylinder Test

a)
Concrete compressive strength tests are important because concrete strength varies widely and concrete is used most often in compression.


b)
The “classic” cylinder failure mode is a shear failure along a plane inclined at ( 20 to 30( from the direction of the load.


c)
Concrete ( vs. ( curves have little or no linear region.


d)
“f (c” refers to the uniaxial compressive strength of ASTM cylinders (height = 2 x diameter), whereas “fc” refers to simply the compressive strength of any type of concrete specimen.


e)
Calculate f’c and E from experimental data.


f)
To conduct a concrete cylinder compression test, go through the following test procedure:

Each team will test two cylinders.  The first cylinder will be pre-fabricated and provided to you.  The other one will be a cylinder made from the PCC used in the Concrete Mix Design activity.  The result used for the cylinder competition will be the value of f(c for the latter cylinder.

(i)  Take the appropriate cylinders from the curing room.

(ii)  Measure the diameter of each cylinder at its top, middle, and bottom and use the average to calculate the cross-sectional area.  Calculate an estimated failure load for each cylinder:  P =  mix design strength x cross-sectional area.

(iii)  Place the cylinder on the load platform of the appropriate testing machine.  Load the specimen at the rate marked on the until failure.


(iv)  LABORATORY RESULTS


a.  Record data on the data sheet provided to you.


b.  Calculate compressive strength, fc to +/- 10 psi.



c.  Note the type of fracture.

d.  Convert the load and deflection data to stresses and strains, respectively.  Plot a stress-strain curve.

e.  Calculate E to the nearest 50,000 psi using the stress-strain curve and the following formula:  E = (/(, where,



E  = secant modulus of elasticity (psi).



(  = stress corresponding to 40% of ultimate load (psi).




(  = longitudinal strain associated with (40%.
9.  Concrete Flexure Beam Test
(a)
Flexure beam tests are done to determine the flexural strength concrete, also referred to as the 

modulus of rupture of concrete.

(b)
Specimens are loaded at the third-points so that the middle third of a specimen is a region of pure 

bending  (shear = 0).

(c)
f r is used for design and quality control of concrete pavements (pavements are loaded primarily in bending).

(d)
To calculate fr from experimental data, go through the following procedure:

(i)  Take the concrete beam from the curing room, remove the mold, and mark the beam at the "third" points.  Measure the beam (b, h, and L), and place it on the load platform of the Universal Testing machine designated by your instructor/lab technician.
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(ii)  Load the beam to failure at the rate marked on the machine and record the ultimate load.  Also, note the manner in which failure occurs.

(iii)  The following relationships between the compressive strength, f’c, the modulus of rupture, fr, and the modulus of elasticity, E, have been empirically determined by the study of experimental data that has been collected over many years (ref. PCA Manual pp. 5).  Calculate the theoretical values of fr and E based on the actual value of f’c:


f’c = from cylinder tests:________________ 

fr = 7.5(f’c)0.5: ________________________


E = 57000(f’c)0.5:______________________

Flexural behavior is based on an equation that you learned in CIV ENGR 330: ( = My/I.  In this application, we are interested in the maximum tension stress.  This stress occurs at the extreme fiber, thus y = c and the equation is re-written as follows:  fr  =  Mc/I; where M is the internal bending moment (for third point loading, M = PL/3), c is the distance from the neutral axis to the extreme fiber (h/2 for a rectangular section), and I is the moment of inertia (bh3/12 for a rectangular section).
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(iv)  LABORATORY RESULTS


a.  Record data on the data sheet provided to you.


b.  Note the type of fracture.


c.  Calculate fr to +/- 10 psi.
10.  Various Wood Tests
a)   The orientation of wood grain influences the properties of wood (anisotropic material).  In order of greatest to smallest, the strength of wood varies as listed below:

- strongest when loaded in compression parallel to the grain (f c) (e.g. “column-type” loading and “beam-type” loading)

- tension parallel to the grain (f t) (e.g. “column-type” loading)

- compression perpendicular to the grain (f c() (e.g. “bearing support-type” loading)

- weakest when loaded in shear parallel to the grain (f v) (e.g. horizontal shear in “beam-type” loading)

b)  To perform compression parallel to the grain test on wood, go through the following procedure:

(i)  Measure the length and cross-section dimensions of the specimen (be sure the length you measure is that length between the test machine jaws).  Calculate the area.

(ii)  Place the specimen in the appropriate testing machine and load the specimen as directed.

(iii)  Generate a ( vs. ( curve by recording values of P and ( at several increments.  Use your graph to determine E, and the values of the proportional limit (the highest stress at which stress and strain are still proportional).

(iv)  Determine the value of the ultimate stress and describe the type of compression failure (the laboratory technicians have sketches of six possible failure types).

(v)  LABORATORY RESULTS  (self-explanatory:  see above and data sheets)

c)
To perform static bending test on wood, go through the following procedure:

(i)  The purpose of this test is to determine the flexural strength of a wood specimen loaded at midspan and simply supported.  Beam-type behavior is replicated.  One or more of the following strengths might control the maximum load that can be carried:  f c, f c(, f t, f v.

(ii)  Measure the length and cross-section dimensions of the specimen (be sure the length you measure is that length between the test machine jaws).  Calculate the area.

(iii)  Place the specimen in the appropriate testing machine and load the specimen as directed.

(iv)  Describe the failure mode(s) that occurred (using the various stress types f c, f c(, f t, and f v).

(v)  Determine the extreme fiber stress (Mc/I).

(vi)  LABORATORY RESULTS  (self-explanatory:  see above and data sheets)

d)  To perform shear parallel to the grain test on wood, go through the following procedure:

(i)  The purpose of this test is to determine f v, the strength of a wood specimen loaded in shear 

parallel to the grain.  Horizontal shear conditions associated with beam-type behavior is 

replicated. 

(ii)  Measure the dimensions of the specimen required to determine the cross-sectional area that will be sheared.

(iii)  Place the specimen in the appropriate testing machine and load the specimen as directed. 

(iv)  Determine the value of the ultimate stress.

(v)  LABORATORY RESULTS  (self-explanatory:  see above and data sheets)

11. Non-Destructive Testing
Nondestructive Tests (NDT) can be used to evaluate the relative strength and other properties of hardened concrete.  An NDT program may be undertaken for a variety of purposes regarding the strength or condition of hardened concrete including:

· Determination of in-place concrete strength

· Location of nonhomogenity, such as voids or honeycombing in concrete

· Determination of relative strength of comparable members

· Evaluation of concrete cracking and delamination

· Evaluation of damage from mechanical or chemical forces

· Steel reinforcement location, size, and corrosion activity

The following are different types of NDTs:

Rebound Hammer Tests( The Schmidt Rebound Hammer is essentially a surface hardness tests that provides a quick, simple means of checking concrete uniformity.  It measures the rebound of a spring-loaded plunger after it has struck a smooth concrete surface.  

Penetration Tests( The Windsor Probe like the rebound hammer is basically a hardness tester that provides a quick means of determining the relative strength of the concrete.  A powder actuated gun that drives a hardened alloy probe into the concrete.  The exposed length of the probe is measured and related by a calibration table to the compressive strength of the concrete.

Maturity Test( The maturity principle is that strength gain is a function of time and temperature.  ASTM C 1074 generates a maturity index that is based on temperature and time factors.  The estimated strength depends on properly determining the strength maturity function for a particular piece of concrete.  The device uses thermocouples or thermistors placed in the concrete and connected to strip-chart recorders or digital data-loggers that record the concrete temperature as a function of time.  The temperature in relation to time data is correlated to compression tests performed on cylindrical specimens to generate a temperature-time versus strength curve that is used to estimate in-place concrete strength.

Pullout Test( A pullout tests involves casting the enlarged end of a steel rod in the concrete to be tested and then measuring the strength of the concrete by breaking off an in situ cylindrical concrete specimen at a failure plane parallel to the finished surface of the concrete element.  A break-off number is generated and assessed relation to the strength of the concrete.  

Dynamic or Vibration Tests( A Dynamic or Vibration Test is based on the principle that velocity of sound in a solid can be measured by determining:

1) Determining the resonant frequency of a specimen

2) Recording the travel time of short pulses of vibrations through a sample

High Velocities are indicative of good concrete and low velocities are indicative of poor concrete.  
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