Structures - Experiment 3A
1.101 Sophomore Design - Fall 2006

The Tension Test.

Our objective is to measure the Elastic Modulus of steel.

You will subject a steel rod speciman to a tension test using an Instron testing machine designed
specifically for that purpose. An "extensometer" will be used to obtain a measure of strain and a
"load cell" used to obtain a measure of stress.

You will use the pages that follow in reporting your results. This then is your report.

2.1 Tension Test of a steel rod.

The INSTRON machine is built specifically to sub-
ject structural elements to tension or compression.
The schematic at the right indicates how it works.

Load Cell

]

A double acting piston drives the table up, or
down, when pressurized hydraulically. The test
specimen is fixed relative to the top bar and the extensome
shaded cross bar by the grips; the shaded cross bar
is fixed in space. Hence, the specimen is subject to
a tensile load as the table moves downward.

specimen
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Test Sequence - Overview piston

Measure and record the diameter of the test speci-
men.

INSTRON Machine

Fix the specimen in the grips of the machine.
Attach the extensometer, recording the gage length (below)

Set up the Instron for "ramp" increase of load, setting the actuator control for a table motion of
0.2in / min.

Do "automatic calibration" to set full scale values for load and displacement and output voltages.
Record load and displacement factors. (below)

Ensure the Data Acquisition System is set to record.

Load specimen to rupture. Wear safety glasses.

1. Steve Rudolph will set up and run the test machine. You are responsible only for the first step.
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Parameters for determining tensile stress.

The load is sensed by a load cell at the top bar. It puts out a voltage proportional to the load. For
our purposes, all you need know is the scaling factor for converting the voltage to tensile force.
This is obtained from a "full scale" setting, the "automatic calibration" of the load cell. At full

scale, the signal output is Volts; the corresponding load is KN or Kipsl.

The load factor is then:

Load factor = KN/volt

Knowing the cross-sectional area of the test specimen, we can, knowing the load, compute the ten-
sile stress in the bar. We record that the diameter of the specimen as:

Diameter = mm
So the cross sectional area is
Area = mm?
The bar, made of steel, has a (ask)
yield stress of Mpa and an ultimate stress of MPa

For our specimen then, we expect large deformations at a load of

Expected yield ~ KN

This suggests that our output voltage will range from zero to above

Anticipated load voltage at yield = volts.

Our goal is to graph how the tensile stress varies with the tensile strain. We need, then to go one
step further and construct the factor for tensile stress in terms of voltage. Dividing the force by the

area we obtain:

Stress factor = MPal/volt

To compute the corresponding values of the strain, we need to measure the change in length of the
specimen. The strain is then the ratio of the change in length to the original length.

1. 1 Kipis 1000 pounds.
2. 1psi=6.895x 103 Pascals. 11b.=4.448 N
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Parameters for determining tensile strain.

An extensometer will be used to measure the change in length between two points located on the
surface of the cylindrical specimen. The two knife edges, which are held in place against the spec-
imen by simple elastic bands, are initially spaced a preset distance apart. This "gage length" is

Gage Length = mm

The gage factor is determined from "full scale" conditions. The extensonmeter we will use can
accomodate a full scale displacement of +/- mm. Full scale output voltage is volts.
Hence, the scale factor for displacement is

Displacement factor = mm/volt

The strain factor is then, dividing by the gage length

Strain factor = mm/mm/volt

Data Collection and Analysis

Data will be recorded via the computer (equipped with analogue to digital conversion hardware).
An ASCI text file will be produced in three column format. The first dozen or so readings will
show negative values for the displacement and load as the speciman "takes up the load".

Time  Displacement Load Extensometer
(sec) (volts) (volts) (volts)

Process your raw data as we did the first class of the semester, using a spread sheet. You will be
able to download the text data file from our Stellar site almost immediately.
Results

Once we have a plot, we determine the slope in the elastic range. This slope, if taken directly from
the graph, will have the units of volts/volts. We follow the trail back through all the scale factors to
compute the slope as a ratio of tensile stress to tensile strain. We obtain in this way the following
experimentally determined value for E, the elastic, or Youngs modulus:

E, the elastic, or Young’s modulus = +/- ? psior +/-? Pascals

Epoorvaiue = 30 x 10° psi = 207x10° Pa

Import the graph from your spread sheet or simply, physically cut and paste it into this document
on the next page.
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A graph of the stress-strain curve, ranging up to four times the strain at yield is shown below.

Stress

psi

Strain, in/in

Stress versus strain - Uniaxial Tension Test
Steel Bar Date:

The slope is indicated on the graph.

It differs from the “book value” by ~ %

Reasons for this discrepancy include:

[Here attempt to explain this discrepancy and deviations from linearity.]

The Tension Test. LL Bucciarelli  October 25, 2006




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


