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Introduction of basic subjects
Learning from Experience 

CON-FU-CHI (known as CONFUCIUS in Latin) 
“I read → I see 
I listen → I understand 
I do → I know” 

It is only when you experience ‘it’ that you really know ‘it’. 

Modern Science and Engineering: 
Theory vs experimentation 
Analytical vs Physical Simulations 
Design vs Practice 
Knowledge-Skill-Methodology 

Experimentation –
quality of data 
reproducibility 
qualifications vs discovery 

exploration 
proof of concept 
qualifications 

Modern experimentation 
Combined analytical and physical simulations 
Destructive vs nondestructive testing 
Materials vs components vs structures 
Controlled loading vs random loading 
Electrical vs mechanical measurements 
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Course Goals
To introduce students to experimental methods, instrumentation, data acquisition, and 

data processing 

The following subjects will be introduced: 

Materials testing - steel, timber, plastics, concrete, etc. 

Loading Systems - set-ups, loading devices, actuators, control, etc. 

Instrumentation - mechanical, electrical, electronic

Data Acquisition - analog and digital

Computerized data processing - numerical and graphical 



4

Resource Materials 

1 Dally and Riley, “Experimental Stress Analysis,”, McGraw Hill, 1978 
2 Harris and Sabnis, “Structural Modeling and Experimental Techniques” CRC Press 1999 ( Prof. 
Harris web page ) 
3 Nachtigal, C.L., “Instrumentation and Control,” Wiley & Sons, 1990 
4 Reese and Kawahara, “ Handbook of Structural Testing”, Prentice Hall / Fairmont Press 1993 
5 Malhotra and Carino, “Handbook of Nondestructive Testing of Concrete”, CRC Press, 1991 
6 Data visualization toolbox from Matlab Link to author of “Visualizing Data”, the source for Matlab’s 
toolbox. 
7 Instructor’s Handouts / Computer Manuals 
8 Good strain gage data source from Micro Measurements Group 
9 Guide to strain gage installation is also at Micro Measurements Group. 
10 Fiber-optic strain gages is at AS-Overlay web site. 
13 Data acquisition and analysis on National Instruments website (go to Resource Library). 
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LAB REPORT ORGANIZATION 

1. Summary (executive summary) 
+ Information about authors, sponsor, and other participants 

2. Scope and general presentation 
2.1. Purpose and objectives of testing - general 
2.2. Scope of testing 

3. Test-set-up overview 
3.1. Specimen description–including materials and component properties
3.2. Loading system – description 
3.3. Instrumentation set-up and measurement system + calibration procedures 
3.4. Data acquisition + schematic information data flow 
3.5. Data archiving – structure, model, metadata, curation, transfer 

4. Test procedures 
4.1. Test schedule & repetitions 
4.2. Data monitoring & checking during testing 
4.3. Test implementation – notes & metadata 
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5. Test Results – raw data 
5.1. Data recording and repository inventory 
5.2. Data verification & repository transfer 
5.3. Initial test results 

6. Data processing 
6.1. Data checking, verification & recovery 
6.2. Determination of errors & elimination of errors 
6.3. Identifications of material/mechanical parameters and important properties 
6.4. Correction of test results through data processing – procedures 

7. Analytical predictions (before modifying analytical models) 
7.1. Calculated model parameters using principles of engineering 
7.2. Calculated response using simplified or sophisticated model 
7.3. Calculated response using identified parameters 
7.4. Comparison of response of experiment analysis with estimated and with 

measured parameters 

8. Discussions and recommendations 
8.1. Discussion of information as obtained from tests 
8.2. Recommendation to reduce gap between computed and tested 
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Laws in Experimental Studies 

1. Murphy’s Law –If something can go wrong it will 

2. O’Toole’s Law –Murphy’s Law is too optimistic 

3. Reinhorn’s Law –Things are never as bad as they turn out to be 

4. Bracci’s Law –Anything can be accomplished with time and ..money
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Characteristics of Observations 

1. Qualitative: Characteristics of behavior identified so that the phenomenon
may be accurately described. 

This is described in terms of standardized operations which identify 
classes of quantities such as length (L), force (F) and time (T). 

Note that L, F, and T are measurable quantities. 

2. Quantitative: Involves both a number and a standard of comparison. i.e. 3ft ,
9lbs , 13.2 minutes These are called UNITS 

For example: Velocity has dimensions of LT-1, and units such as
mph, ft/sec, and knots 
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For scientific measurements, 
M , L , and T are regarded as basic, 

But for engineering purposes, 
F , L , and T are more convenient. 

Note that they are interrelated through Newton’s Second 
Law of Motion 

F=ma 

or 

F=M(L/T2)=MLT-2
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Electrical resistance Strain Gages
• Electrical Resistance of a conductor (wire) changes 

proportionally to any strain applied (Lord Kelvin 1856) 
• By 1930 the first practical application

�  :specific resistivity (inversely proportional to number of mobile 
electrons per unit volume                         )
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Measure only uniaxial strain
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Measure R
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When a strain gage is on a 
steel bar experiencing stress 
of 10ksi (E/300) the change 
in resistance is given by  

For 120  gage R+R=120.0007  which is not easily detected by an Ohmmeter
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WHEATSTONE BRIDGE
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So it required something to measure directly the change of resistance   R .

That is a WHEATSTONE BRIDGE
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For a change in Resistance dR1≠0 
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