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2.  Description of Outcome "6" and its Performance Criteria 
 

Outcome 6:     

An ability to develop and conduct appropriate experimentation, analyze and interpret data, 

and use engineering judgment to draw conclusions 

 

Sub-Outcomes and Performance Criteria  

 
6.1:  Conduct experimentation   

6.2:  Analyze and interpret data 

6.3:  Draw conclusions based on engineering judgment 
 

3.  List of Courses Used to Assess the Outcome 
Outcome 6 is assessed in the following courses: 

CVEG 2061/2101 Materials & Dynamics Lab 

CVEG 2081/2102 Surveying & Geospatial Concepts 

CVEG 3031/3100 Steel & Concrete Lab 

CVEG 3043/3301 Environmental Engineering 

 
4.  Summary Assessment Results and Continuous Improvements   
for Outcome “6” over the Assessment Years. 
 

The direct average performance for all students in the 4 courses used to assess outcome 6 

for the past three academic years are shown below 
 

 
 

 

 

 

 

 

 



5. Problems identified and recommended actions to be taken to address 

problems 
 

1. At the course level 
 

Problems Identified in the Various Courses Recommended Actions Taken 
Basis for 

Action 

1. The major problem in CVEG 2061 has been 

the inability to identify the implication of 

experimental results. 

2. Some of the students in CVEG 2081cannot 

follow all geometrical angular calculations 

and trigonometric calculations which are 

needed in surveying.   

3. In general, about 100% of the class was able 

to satisfy this outcome in CVEG 3031 in Fall 

2019. Most of the equipment used for testing 

cement and concrete were not in good 

condition. So these need be maintained 

properly or repaired with the help of 

authorized personnel.  

4. Students coming into CVEG 3043 are not 

well prepared and comfortable to write 

reports that require critical thinking and data 

interpretation skills.  They need practice with 

few initial lab reports before they are able to 

understand and show the improvements.  

Also, they don’t seem to think it is worth 

their effort to spend lot of time in preparing 

these lab reports.   

(1) Students in CVEG 2061 are encouraged to review basic Statics 

      before attempting to interpret results. 

(2) Students should be encouraged to review the basics of physics,                 

trigonometry and geometry. A prerequisite test may be 

conducted in CVEG 2081 to tap their knowledge of geometry 

and trigonometry. 

(3)  Students should be encouraged in CVEG 3031 to participate 

equally among a group for writing reports. They should be 

instructed to use more references including the latest. The 

results obtained should be compared with the recommended 

values by the relevant code. A final comment about the result 

is needed after comparing with the standard coded value. 

Figured and table should be numbered in a systematic pattern. 

(4) In light of findings in CVEG 3043, Faculty should continue to 

stress the importance of technical reports starting with 

sophomore level courses in the civil engineering program. 

Students should continue to be encouraged to read technical 

papers and learn how reports are prepared. Include early 

feedback and additional practice.    

 

To support 

continuous 

improvement 

and meet the 

Departmental 

target direct 

average of 

70% 

 

 

 

2. At Department Level 
 

(1) Faculty stressed the need to review pre-requisite materials in science and engineering  

(2) Faculty offered pre-test on pre-requisite materials to gauge the students’ knowledge retention. 

(3) Faculty supports continued discussions on the importance of writing organized technical and 

lab reports beginning in sophomore classes. 

(4) Faculty encouraged students to follow appropriate references and codes in materials testing 

experiments. 
 

Basis of Action:  

To support continuous improvement and meet the Departmental target direct average of 70% 

 

 

 

 

 

 



 

 

 

 

6. Sample Assignments and Justification of suitability of assignment for 

measuring the outcome in the following courses: 

 
CVEG 2061 Materials & Dynamics Lab 

CVEG 2081 Surveying & Geospatial Concepts 

CVEG 3031 Steel & Concrete Lab 

CVEG 3043 Environmental Engineering 

 
 



 

 

 

 

 

 

 

 

OUTCOME “6” SPECIFIC ASSIGNMENTS  

USED TO ASSESS THE OUTCOME IN 

 

CVEG 2061 

MATERIALS & DYNAMICS LAB 
 



 
 

 

DEPARTMENT OF CIVIL AND ENVIRONMENTAL ENGINEERING 

OUTCOMES SPECIFIC ASSIGNMENT COVER SHEET 

CVEG 2061 – Materials and Dynamics Lab 

FALL 2019 

Instructor: Md. Jobair Bin Alam, Ph.D.                  
 

Title of Assignment 

 

 

Outcome Measured Using this Assignment 

 

 

 

 

 
Check the engineering design characteristics related to this assignment 

Ability to develop experiment 

Requires student to  

× Identify the appropriate parameters  

× Identify and select appropriate equipment to determine the parameters 

experimentally 

× Provide steps to set up and conduct the experiment     

× Identify data collection method to obtain the experiment results 

Ability to conduct experiment 

Requires student to  

× Conduct experiment maintaining all safety precautions 

× Safe and proper handling of equipment 

× Collect and record data using appropriate units of measurements and relevant figures 

Ability to analyze and interpret experimental data 

Requires student to  

× Data presenting in tabular/graphical format to aid in interpretation 

× Use appropriate statistical analysis (if required) to interpret data and results 

× Draw appropriate conclusions using engineering judgment based on experiment 

     
    Brief justification of the suitability of assignment for the outcome 

                          Stress-Strain Behavior of Steel 

 

Outcome 6 
An ability to develop and conduct appropriate experimentation, analyze and 

interpret data, and use engineering judgement to draw conclusions 

The lab experiment will increase the students’ ability to identify the parameters to be 

measured and appropriate equipment to be used, along with conducting experiments and 

interpret data and results.  
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Department of Civil & Environmental 
Engineering CVEG 2061 Materials and Dynamics 

Lab Report 1 

A full set of data from a tensile test on 1018 steel stock sample are provided. The dimension of the 
sample tested is given in the following section. The test results are given in the next page.  

Sample Dimension:  
Diameter of the steel: 0.41 mm 
Length of the sample steel: 95 mm 

Prepare a report showing the mechanical properties of the material tested. The report should contain; 

1. Detail sketch of the Stress-Strain curve
2. Detail sketch in the graph to find modulus of elasticity, yield stress, ultimate stress and fracture

stress of the material tested
3. Different curve should be provided in the report showing different property of the material
4. Sample calculation
5. A professional report must be submitted (table of contents, abstract, introduction of stress-strain

theory, test procedure, detail results, discussion of the test results, appendices etc. should be
included in the report)

NOTE: QUALITY OF YOUR WORK AND PRESENTATION WILL BE TAKEN INTO 
ACCOUNT FOR GRADING OF THIS REPORT 
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Department of Civil & Environmental Engineering 
CVEG 2061 Materials and Dynamics Lab  

Force Displacement Force Displacement 
(N) (mm) (N) (mm) 
0 0 9079 3.773 

81 0.063 9229 4.173 
142 0.113 9379 4.573 
201 0.173 9479 4.973 
263 0.233 9579 5.373 
708 0.273 9679 5.773 
1192 0.303 9729 6.173 
1455 0.343 9779 6.573 
2000 0.383 9879 6.973 
2243 0.423 9879 7.373 
2686 0.463 9779 7.773 
3050 0.503 9779 8.173 
3454 0.533 9779 8.573 
3979 0.573 9779 8.973 
4282 0.613 9779 9.373 
4726 0.653 9779 9.773 
5049 0.693 9779 10.173 
5372 0.723 9729 10.573 
5978 0.763 9679 10.973 
6301 0.803 9629 11.373 
6679 0.973 9579 11.773 
7079 1.373 9479 12.173 
7679 1.773 9279 12.573 
7979 2.173 8879 12.973 
8279 2.573 9579 13.373 
8729 2.973 7379 13.773 
8929 3.373 
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Title of Assignment 

 
 

Outcome Measured Using this Assignment 
 

 
 
 
 

Check the engineering design characteristics related to this assignment 
Ability to develop experiment 
Requires student to  
× Identify the appropriate parameters  
× Identify and select appropriate equipment to determine the parameters 

experimentally 
× Provide steps to set up and conduct the experiment     
× Identify data collection method to obtain the experiment results 
Ability to conduct experiment 
Requires student to  
× Conduct experiment maintaining all safety precautions 
× Safe and proper handling of equipment 
× Collect and record data using appropriate units of measurements and relevant figures 
Ability to analyze and interpret experimental data 
Requires student to  
× Data presenting in tabular/graphical format to aid in interpretation 
× Use appropriate statistical analysis (if required) to interpret data and results 
× Draw appropriate conclusions using engineering judgment based on experiment 

     
    Brief justification of the suitability of assignment for the outcome 

                          Stress-Strain Behavior of Steel 
 

Outcome 6 
An ability to develop and conduct appropriate experimentation, analyze and 
interpret data, and use engineering judgement to draw conclusions 

The lab experiment will increase the students’ ability to identify the parameters to be 
measured and appropriate equipment to be used, along with conducting experiments and 
interpret data and results.  
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OBJECTIVE: 

The objective of this lab is to determine the mechanical properties, like Young’s Modulus, Yield 

stress, Ultimate stress, and fracture stress of a 1018 steel material provided and plot the Stress-

Strain diagram of the material tested. 

ABSTRACT: 

Tensile testing is one of the simplest and most widely used mechanical tests. By measuring the 

force required to elongate a specimen to breaking point, material properties can be determined 

that 

will allow designers and quality managers to predict how materials and products will behave in 

application. 

INTRODUCTION TO THE THEORY: 

I. Stress: 

Engineering Stress is determined by dividing the applied load ‘P’ by the specimen’s original 

cross-sectional area A0. This calculation assumes that the stress is constant over the cross section 

and throughout the gage length. 

𝝈𝝈 =
𝑷𝑷
𝑨𝑨𝟎𝟎

 

Where, 𝞼𝞼 is engineering stress, P is the external axial tensile load, and 𝐴𝐴0 is the original cross-

sectional area. 
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II. Strain: 

Likewise, Engineering Strain is obtained directly from the strain gage reading, or by dividing the 

change in the specimen’s gage length, δ, by the specimen’s original gage length L0. 

Ɛ =
 𝛅𝛅
𝑳𝑳𝟎𝟎

 

Where, Ɛ is the engineering strain, 𝐿𝐿0 is the original length of the specimen, and  δ is the change 

in length. 

III. Stress-Strain Diagram: 

When the values of stress, 𝞼𝞼, and strain, Ɛ, are plotted, where the vertical axis is the stress and 

the horizontal axis is the strain, the resulting curve is called a conventional stress–strain diagram. 

                                     

Figure 1: Stress-Strain diagram 
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A. Elastic Region: 

The initial region of the curve indicated in light orange is referred to as the elastic region. Here 

the curve is a straight line up to the point where the stress reaches the proportional limit, 𝞼𝞼 pl. 

When the stress slightly exceeds this value, the curve bends until the stress reaches an elastic 

limit. 

B. Young’s Modulus: 

The modulus of elasticity or the Young’s modulus (E) represents the slope of the straight-line 

portion of the curve. It has the same units as the stress as strain is unitless. 

C. Yielding: 

A slight increase in stress above the elastic limit will cause a breakdown of the material. This 

behavior is called yielding, and it is indicated by the rectangular dark orange region in Figure 1. 

The stress that causes yielding is called the yield stress, 𝞼𝞼Y. 

D. Ultimate Stress: 

When yielding has ended, any load causing an increase in stress will be supported by the 

specimen, resulting in a curve that rises continuously but becomes flatter until it reaches a 

maximum stress (the peak in the graph) referred to as the ultimate stress, 𝞼𝞼u. 

E. Fracture stress: 

After reaching the ultimate stress, the cross-sectional area will begin to decrease in a region of 

the specimen, and the stress begins to increase. This region of the curve due to necking is 

indicated in dark green in Figure 1. Here the stress–strain diagram tends to curve downward until 

the specimen breaks at the fracture stress, 𝞼𝞼f. 
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PROCEDURE: 

1. A material is gripped at both ends by an apparatus, which slowly pulls lengthwise on the 

piece until it fractures.  

2. The pulling force is called a load, which is plotted against the material length change, or 

displacement.  

3. The load is converted to a stress value and the displacement is converted to a strain value. 

4. A stress-strain graph is plotted in excel. 

5. The values of the different properties of materials are then calculated from the graph. 

TEST RESULTS: 

Figure 2: Force vs. Elongation diagram generated by the experiment 
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Table 1: Strain and Stress values calculated in Excel: 

Force  

(N) Displacement (mm) Strain 

Stress  

(N/mm2) 

0 0 0 0 

81 0.063 0.000663158 613.829 

142 0.113 0.001189474 1076.096 

201 0.173 0.001821053 1523.206 

263 0.233 0.002452632 1993.051 

708 0.273 0.002873684 5365.323 

1192 0.303 0.003189474 9033.143 

1455 0.343 0.003610526 11026.194 

2000 0.383 0.004031579 15156.280 

2243 0.423 0.004452632 16997.768 

2686 0.463 0.004873684 20354.884 

3050 0.503 0.005294737 23113.327 

3454 0.533 0.005610526 26174.896 

3979 0.573 0.006031579 30153.419 

4282 0.613 0.006452632 32449.596 

4726 0.653 0.006873684 35814.290 

5049 0.693 0.007294737 38262.029 

5372 0.723 0.007610526 40709.769 

5978 0.763 0.008031579 45302.122 
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6301 0.803 0.008452632 47749.861 

6679 0.973 0.010242105 50614.398 

7079 1.373 0.014452632 53645.654 

7679 1.773 0.018663158 58192.538 

7979 2.173 0.022873684 60465.980 

8279 2.573 0.027084211 62739.422 

8729 2.973 0.031294737 66149.585 

8929 3.373 0.035505263 67665.213 

9079 3.773 0.039715789 68801.934 

9229 4.173 0.043926316 69938.655 

9379 4.573 0.048136842 71075.376 

9479 4.973 0.052347368 71833.190 

9579 5.373 0.056557895 72591.004 

9679 5.773 0.060768421 73348.818 

9729 6.173 0.064978947 73727.725 

9779 6.573 0.069189474 74106.632 

9879 6.973 0.0734 74864.446 

9879 7.373 0.077610526 74864.446 

9779 7.773 0.081821053 74106.632 

9779 8.173 0.086031579 74106.632 

9779 8.573 0.090242105 74106.632 

9779 8.973 0.094452632 74106.632 

9779 9.373 0.098663158 74106.632 
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9779 9.773 0.102873684 74106.632 

9779 10.173 0.107084211 74106.632 

9729 10.573 0.111294737 73727.725 

9679 10.973 0.115505263 73348.818 

9629 11.373 0.119715789 72969.911 

9579 11.773 0.123926316 72591.004 

9479 12.173 0.128136842 71833.190 

9279 12.573 0.132347368 70317.562 

8879 12.973 0.136557895 67286.306 

9579 13.373 0.140768421 72591.004 

7379 13.773 0.144978947 55919.096 

 

Graph 1: Stress vs. Strain Graph
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CALCULATIONS: 

Figure 3: The estimated values of Young’s Modulus, Ultimate stress, and Fracture Stress 

Modulus of Elasticity (E) = Slope of straight line in the elastic region 

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 =  
𝑦𝑦2 − 𝑦𝑦1
𝑥𝑥2 − 𝑥𝑥1

From the graph, 

𝐸𝐸 =  
45000 − 0

0.01 − 0

𝑬𝑬 = 𝟒𝟒.𝟓𝟓 × 𝟏𝟏𝟏𝟏𝟔𝟔 𝑵𝑵/𝒎𝒎𝒎𝒎𝟐𝟐 

Ultimate 
Stress 

Young's 
Modulus 

Fracture 
stress 
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Ultimate stress 𝞼𝞼u = Maximum Stress 

𝞼𝞼u = 75000 N/mm2

Fracture stress 𝞼𝞼f = Causes the material to break 

𝞼𝞼f = 57000 N/mm2

Graph 2: The graph depicting estimated value of Yield Stress 
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Yield Stress, 𝞼𝞼Y = Causes Yielding 

𝞼𝞼Y = 48000 N/mm2

Table 2: Properties of the tested material: 

Material: 1018 Steel Stock 

Material Properties Value (N/mm2) 

Modulus of Elasticity, E 4.5 x 106 

Yield Stress, 𝞼𝞼Y 4.8 x 104 

Ultimate stress, 𝞼𝞼u 7.5 x 104 

Fracture stress, 𝞼𝞼f 5.7 x 104 
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CONCLUSION: 

The tensile test is done to see how a material behaves, when under a tensile load. It tells how the 

different properties of materials and affected by a tensile load. The data achieved seemed a little 

bit off, mostly because of some technical errors. The stress-strain graph generated by the data 

provided resembled the actual stress-strain diagram in general, however, there were some 

abnormalities. For example, in the elastic region of the graph, the line was not 100% straight. 

There were some oscillations in the line, which could be due to some technical or mechanical 

errors that could have occurred while performing the experiment. Also, there was a sudden rise 

in the stress, just before the fracture stress was achieved.  

The modulus of elasticity was calculated to be 4.5 x 106 N/mm2. The yield stress and fracture 

stress was estimated to be 48,000 N/mm2 and 57,000 N/mm2 respectively. The ultimate stress 

was achieved at 75,000 N/mm2. Although, these values are pretty high compared to the values in 

real life, however, it could be due to some physical errors during the experiment.  

Overall, it was a successful experiment. The tensile test made a relation from the conceptual 

theory studies in the classroom to the actual application of it. 



14 

APPENDIX: 

Conventional Stress: The nominal or engineering stress is determined by dividing the applied 

load P by the specimen’s original cross-sectional area A0. This calculation assumes that the stress 

is constant over the cross section and throughout the gage length.  

Engineering strain: It is found directly from the strain gage reading, or by dividing the change 

in the specimen’s gage length, by the specimen’s original gage length L0.  

Hooke’s Law: Makes the elastic region unique, however, is that after reaching 𝞼𝞼Y, if the load is 

removed, the specimen will recover its original shape. In other words, no damage will be done to 

the material. Conventional and true stress–strain diagram for ductile because the curve is a 

straight line up to 𝞼𝞼pl, any increase in stress will cause a proportional increase in strain. This fact 

was discovered in 1676 by Robert Hooke, using springs, and is known as Hooke’s law.  

Yielding: A slight increase in stress above the elastic limit will result the material to deform 

permanently. This behavior is called yielding and stress that causes yielding is called the yield 

point, and the deformation that occurs is called plastic deformation. The upper yield point occurs 

first, followed by a sudden decrease in load-carrying capacity to a lower yield point. Once the 

yield point is reached, then the specimen will continue to elongate (strain) without any increase 

in load.  

Necking: Up to the ultimate stress, as the specimen elongates, its cross-sectional area will 

decrease in a fairly uniform manner over the specimen’s entire gage length. However, just after 

reaching the ultimate stress, the cross-sectional area will then begin to decrease in a localized 

region of the specimen, and so it is here where the stress begins to increase. As a result, a 

constriction or “neck” tends to form with further elongation. 

okay, good
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Abstract: 

1. The Purpose of the Experiment: 

a. The purpose of this experiment was to use the set of data given to examine the 

mechanical properties of a 0.41mm thick piece of steel with a length of 95mm by 

calculating the stress-strain curve. 

2. The Brief Description of the Method Used: 

a. The method used to determine the mechanical properties of this piece of steel is a 

tensile test. A tensile machine is needed to conduct this test because these 

machines provide uniformly increasing tension force on the material being tested. 
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3. The Significant Results of the Test: 

4. The Major Conclusions Drawn from the results: 

 

Introduction of stress-strain theory: 

The stress-strain curve expresses a relationship between a load applied to a material and the 

deformation of the material caused by the load. It is the most reliable and complete source for the 

evaluation of mechanical properties of any material. The curve is produced by plotting the 

applied stress on the material axis and the elongation produced due it. Different materials 

produce different stress-strain curves, this is influenced by the structure of the material. The 

material tenacity and the elongation at break are the two important properties that can be 

gathered from the stress-strain diagram. Attached below is an example of what a stress-strain 

diagram should look like. 

 

 

Test procedure: 



The stress-strain diagram is determined by preforming a tensile test. Tensile tests are conducted 

in tensile test machines which provide controlled uniformly increasing tension force, applied to 

the material. The materials ends are gripped by the machine and its gauge length is continuously 

measured until it breaks. The deformation of the material (strain) is the ratio of the increase of 

the specimen gauge length to its original gauge length. Seen below is a detailed drawing of a 

commonly used tensile test machine. 

 

 

 

Data and observation: 

1. Sample Dimensions:  

- Diameter of the s teel: 0.41mm 

- Length of sample steel: 95mm 

2. Given Table: 



 

3. From this data were tasked with preparing a report showing the mechanical properties of 

the material tested. The report should contain: 

a. Detail sketch of the Stress-Strain curve. 

b. Detail sketch in the graph to find modulus of elasticity, yield stress, ultimate 

stress, and fracture stress of the material tested. 

c. Different curve should be provided in the report showing different property of the 

material. 

d. Sample calculation. 



Calculations: 

Discussion of the test results: 

You need to plot the test results using excel.
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Appendix: 

http://www.substech.com/dokuwiki/doku.php?id=tensile_test_and_str

ess-strain_diagram 

https://www.khanacademy.org/science/in-in-class11th-physics/in-in-

mechanical-properties-of-solids/in-in-stress-strain-and-modulus-of-

elasticity/v/stress-vs-strain-curve 

http://www.substech.com/dokuwiki/doku.php?id=tensile_test_and_stress-strain_diagram
http://www.substech.com/dokuwiki/doku.php?id=tensile_test_and_stress-strain_diagram
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 ABSTRACT 

A laboratory experiment was conducted to use the data obtained from a tensile test to plot a 
Stress-Strain Diagram, and determine the Modulus of Elasticity, Yield Stress, Ultimate Stress, 
and the Fracture Stress. In this experiment, an unknown steel was tested using a tensile test 
machine. Data from the experiment was collected and shared. A Stress-Strain Diagram was 
generated using the data from the tensile test. Results of Modulus of Elasticity, Yield Stress, 
Ultimate Stress, and the Fracture Stress were computed, recorded, and discussed.
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CHAPTER 1 – ABILITY TO CONDUCT EXPERIMENT 

 

1.1 Objective: 

The objective of this experiment was to evaluate the mechanical properties of the specimen 
through and understanding of curve results from the tensile test.

1.2 Theory:

Figure 1 – Stress- Strain Diagram Showing Different Properties of Material

Metals have their own properties including physical, mechanical and thermal characteristics. 
The most important properties are the mechanical properties, which includes ductility. hardness, 
strength, and toughness. The mechanical properties are the measurements that are used as a 
reference for material selection. To know the mechanical properties of a metal, it needs material 
testing. One of the material tests is the tensile test.

Tensile test is a measurement that examines the strength of a material within applying loads 
in uniaxial direction to the specimen. The tested specimen is exposed by the increasing uniaxial 
force continuously while its change in elongation is being observed. The tensile test measures the 
resistance of a material to the given static load. The results that were obtained from the tensile test 
can be used to plot a curve and show the mechanical properties of the specimen. The mechanical 
properties of material that can be known from tensile test includes:  tensile strength, yield strength, 
modulus of elasticity, ductility, ultimate stress, etc.
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Furthermore, the stress strain curve can be obtained from the measurement, which allows 
one to compute the mechanical properties above.

The stress-strain diagrams for most engineering materials exhibit a linear relationship between 
stress and strain within the elastic region. Consequently, an increase in stress causes a 
proportionate increase in strain. This fact was discovered by Robert Hooke in 1676 using springs 
and is known as Hooke’s Law. It may be expressed mathematically as:

(1)𝜎 = 𝐸𝜖
where,

, MPa𝜎 = Stress

, MPa𝐸 = Modulus of Elasticity

, Unitless𝜖 = Strain

Since the Modulus of Elasticity will be required for this experiment, Equation (1) can then be 
derived:

  (2)𝐸 =  
𝜎
∈

Modulus of Elasticity is then obtained by dividing the stress by the strain in the material.

We can determine the nominal or engineering stress by dividing the applied load P by the 
specimen’s original cross-sectional area, A. This calculation assumes that the stress is constant 
over the cross section and throughout the gauge length. We have:

(3)𝜎 =
𝑃
𝐴

where, 

P = applied load, N

A = cross sectional area, 𝑚𝑚2

Likewise, the nominal or engineering strain is found directly from the strain gauge reading, or by 
the change in the specimen’s gauge length, , by the specimen’s original gauge length . Here 𝛿 𝐿0
the strain is assumed to be constant throughout the region between gauge points. Thus:

(4)𝜖 =  
𝛿

 𝐿0

Where,  = strain, unitless𝜖

 = change in length, mm𝛿

 = original length, mm𝐿0

Md Jobair Bin Alam
144250000000001819



1.3 Apparatus: 

 Tensile Machine
 Vernier Caliper
 Stopwatch 
 Steel Specimen

 

 

 

1.4 Experimental Safety: 

 The safety precautions followed during this experiment included wearing safety goggles, full 
sleeve shirts, and making sure not to inhale or ingest any of the test fluids. Due to the pandemic 
situation in this semester, social distancing, gloves, and masks were required.

 1.5 Experimental Procedure: 

 

Method 

 The tensile test machine was prepared along with the specimen to be tested by the 
instructor. 

 The length and diameter of the specimen was measured and recorded.
 The specimen was placed into the tensile test machine and tested. The specimen was 

tested until it failed
 The time taken for failure was recorded, and the final diameter and gauge length 

measured.
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CHAPTER 2 – RAW EXPERIMENTAL DATA: 

2.1 Experimental Data:

 The data collection was conducted as a group effort for the reading and recording of Force and 
Displacement. The recorded data is shown in Table 1.

Table 1 – Raw Experimental Data from Tensile Test

Force  Displacement  Force  Displacement  
(N) (mm) (N) (mm) 
0 0 9079 3.773 
81 0.063 9229 4.173 
142 0.113 9379 4.573 
201 0.173 9479 4.973 
263 0.233 9579 5.373 
708 0.273 9679 5.773 
1192 0.303 9729 6.173 
1455 0.343 9779 6.573 
2000 0.383 9879 6.973 
2243 0.423 9879 7.373 
2686 0.463 9779 7.773 
3050 0.503 9779 8.173 
3454 0.533 9779 8.573 
3979 0.573 9779 8.973 
4282 0.613 9779 9.373 
4726 0.653 9779 9.773 
5049 0.693 9779 10.173 
5372 0.723 9729 10.573 
5978 0.763 9679 10.973 
6301 0.803 9629 11.373 
6679 0.973 9579 11.773 
7079 1.373 9479 12.173 
7679 1.773 9279 12.573 
7979 2.173 8879 12.973 
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8279 2.573 9579 13.373 
8729 2.973 7379 13.773 
8929 3.373 

By looking at Table 1 it can be seen that for force, the values rose to a peak and then dropped. It 
was also seen that the strain values rose exponentially despite the force being reduced after a 
maximum force was applied. 

Length of specimen, L = 95mm

Diameter of specimen’s cross section = 0.41mm
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CHAPTER 3 – RESULTS AND DISCUSSION: 

Information from Table 1 was used to help compute the stress and strain values seen in Table 2. 
Table 2 shows the values from Table 1 and those which were calculated from the information in 
it.

Table 2 – Raw Experimental Data, Stress and Strain

Load Elongation Stress Strain
N mm MPa  
    

0 0 0 0
81 0.063 613.636364 0.00066316

142 0.113 1075.75758 0.00118947
201 0.173 1522.72727 0.00182105
263 0.233 1992.42424 0.00245263
708 0.273 5363.63636 0.00287368

1192 0.303 9030.30303 0.00318947
1455 0.343 11022.7273 0.00361053
2000 0.383 15151.5152 0.00403158
2243 0.423 16992.4242 0.00445263
2686 0.463 20348.4848 0.00487368
3050 0.503 23106.0606 0.00529474
3454 0.533 26166.6667 0.00561053
3979 0.573 30143.9394 0.00603158
4282 0.613 32439.3939 0.00645263
4726 0.653 35803.0303 0.00687368
5049 0.693 38250 0.00729474
5372 0.723 40696.9697 0.00761053
5978 0.763 45287.8788 0.00803158
6301 0.803 47734.8485 0.00845263
6679 0.973 50598.4848 0.01024211
7079 1.373 53628.7879 0.01445263
7679 1.773 58174.2424 0.01866316
7979 2.173 60446.9697 0.02287368
8279 2.573 62719.697 0.02708421
8729 2.973 66128.7879 0.03129474
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Table 2 shows the raw experimental data, the stress, and strain values that were computed using 
equations (3) and (4). The cross-sectional area of the steel specimen was computed and found to 
be 0.1320 . The loads from the raw data were then divided by the cross-sectional area to 𝑚𝑚2

give the stress values in Table 2. The original length of the steel specimen was measured and 
given as 95mm. The elongation values in Table 1 were then divided by the original length to give 
the strain values in Table 2. A stress-strain curve was plotted using the values from Table 2, with 
Strain on X-axis and Stress on Y-axis. Figure 2 shows the curve which was plotted using the data 
from Table 2.

8929 3.373 67643.9394 0.03550526
9079 3.773 68780.303 0.03971579
9229 4.173 69916.6667 0.04392632
9379 4.573 71053.0303 0.04813684
9479 4.973 71810.6061 0.05234737
9579 5.373 72568.1818 0.05655789
9679 5.773 73325.7576 0.06076842
9729 6.173 73704.5455 0.06497895
9779 6.573 74083.3333 0.06918947
9879 6.973 74840.9091 0.0734
9879 7.373 74840.9091 0.07761053
9779 7.773 74083.3333 0.08182105
9779 8.173 74083.3333 0.08603158
9779 8.573 74083.3333 0.09024211
9779 8.973 74083.3333 0.09445263
9779 9.373 74083.3333 0.09866316
9779 9.773 74083.3333 0.10287368
9779 10.173 74083.3333 0.10708421
9729 10.573 73704.5455 0.11129474
9679 10.973 73325.7576 0.11550526
9629 11.373 72946.9697 0.11971579
9579 11.773 72568.1818 0.12392632
9479 12.173 71810.6061 0.12813684
9279 12.573 70295.4545 0.13234737
8879 12.973 67265.1515 0.13655789
9579 13.373 72568.1818 0.14076842
7379 13.773 55901.5152 0.14497895

Md Jobair Bin Alam
144250000000001819



0

5000

10000

15000

20000

25000

30000

35000

40000

45000

50000

55000

60000

65000

70000

75000

80000
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14

Stress Strain

Figure 2 – Stress-Strain Curve indicating where Modulus of Elasticity, Fracture Stress, Ultimate 
Stress, and Yield Stress will occur.

From Figure 2 it can be seen that the Modulus of Elasticity will be equal to the stress at the 
proportional limit over the strain at the said point. This value worked out to be:

E =   = 5.56 x  MPa 45287.87 
0.00803 106
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Figure 2 also graphically shows that the ultimate stress would be:

 = 74840.91 MPa𝜎𝑢

The yield stress was determined to be:

 = 50598.45 MPa𝜎𝑌

The fracture stress was computed and found to be:

 = 55901.52 MPa𝜎𝑓

Md Jobair Bin Alam
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CHAPTER 4 – CONCLUSION

4.1 Conclusion: 

A successful experiment was conducted to use the data obtained from a tensile test to plot a 
Stress-Strain Diagram, and determine the Modulus of Elasticity, Yield Stress, Ultimate Stress, 
and the Fracture Stress. The data obtained showed good consistency for the experiment. Results 
also showed that there was an exponential increase in elongation, even though the force applied 
increased to a peak magnitude, and then decreased. A graph was generated from the data which 
was obtained and computed. From this stress-strain graph, which was plotted, the ultimate stress, 
fracture stress, yield stress, and Modulus of Elasticity were determined graphically, and 
calculated. There was not information taken from the experiment to determine whether the steel 
specimen which was tested was either brittle or ductile, as no reduction in area was mentioned.
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Sample Calculations

For calculation of stress

𝜎 =
𝑃
𝐴

where, 

P = applied load, N

A = cross sectional area, 𝑚𝑚2

For P = 81 N

D = 0.41mm

A = 𝜋𝑟2

=  x (   = 0.132 𝜋
0.41𝑚𝑚

2 )
2

𝑚𝑚2

𝜎 =
𝑃
𝐴

= 81 𝑁

0.132 𝑚𝑚2

= 613.64 MPa



For calculation of strain

𝜖 =  
𝛿

 𝐿0

Where,  = strain, unitless𝜖

 = change in length, mm𝛿

 = original length, mm𝐿0

For  = 0.063 mm𝛿

𝜖 =  
𝛿

 𝐿0

= 0.063 𝑚𝑚
95𝑚𝑚

= 6.63 x  10 ―4
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Abstract  

The purpose of this experiment is to find the stress strain curve. For this experiment to be 
conducted we have to use a tensile test. This lab is used to attempt to gain a better understanding 
of the stress strain curve. 
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                                                                Introduction  

This experiment was performed to determine five useful material properties, which can all be 
deduced on a stress/strain graph. The five properties include: Modulus of Elasticity, Ultimate Stress, 
Fracture Stress, Proportional Limit, and Yield Stress. Tensile test is one of the most fundamental 
types of mechanical tests someone can perform on a material. The tensile test  measures the 
resistant of a material to the given static load.. This test is important because it tells the impact of 
the load given to the material mechanical properties of a material.  

Elasticity Equation (1)  

 

  

 

 

 

 

 

 

 Figure 1  

 

                                                      Equipment and Apparatus 

1. Tensile machine  
2. Vernier caliper  
3. Stopwatch  
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Materials and  Test Conditions  

1. Notebook  

2. Everyone completed the experiment separately.  

3. Check for equipment conditions  

                                              

  Test Results and Analysis 

The following table shows a full data table from a tensile test on 1018 steel stock sample that is 
provided which is force and displacement. 

Table  1 -Tensile Test   

 

Force Displacement Stress Strain 
(N) (mm)   
0 0 0 0 

81 0.063 613.5182 0.000663 
142 0.113 1075.55 0.001189 
201 0.173 1522.434 0.001821 
263 0.233 1992.04 0.002453 
708 0.273 5362.603 0.002874 

1192 0.303 9028.564 0.003189 
1455 0.343 11020.6 0.003611 
2000 0.423 15148.6 0.004453 
2243 0.463 16989.15 0.004874 
2686 0.503 20344.57 0.005295 
3050 0.533 23101.61 0.005611 
3454 0.573 26161.63 0.006032 
3979 0.613 30138.13 0.006453 
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4282 0.653 32433.15 0.006874 
4726 0.693 35796.13 0.007295 
5049 0.723 38242.63 0.007611 
5372 0.763 40689.13 0.008032 
5978 0.803 45279.16 0.008453 
6301 0.973 47725.65 0.010242 
6679 1.373 50588.74 0.014453 
7079 1.773 53618.46 0.018663 
7697 2.173 58299.37 0.022874 
7979 2.573 60435.33 0.027084 
8729 2.973 66116.05 0.031295 
8929 3.373 67630.91 0.035505 
9079 3.773 68767.05 0.039716 
9229 4.173 69903.2 0.043926 
9379 4.573 71039.34 0.048137 
9479 4.973 71796.77 0.052347 
9579 5.373 72554.2 0.056558 
9679 5.773 73311.63 0.060768 
9729 6.173 73690.35 0.064979 
9779 6.573 74069.06 0.069189 
9879 6.973 74826.49 0.0734 
9879 7.373 74826.49 0.077611 
9779 7.773 74069.06 0.081821 
9779 8.173 74069.06 0.086032 
9779 8.573 74069.06 0.090242 
9779 8.973 74069.06 0.094453 
9779 9.373 74069.06 0.098663 
9779 9.773 74069.06 0.102874 
9779 10.173 74069.06 0.107084 
9729 10.573 73690.35 0.111295 
9679 10.973 73311.63 0.115505 
9579 11.373 72554.2 0.119716 
9479 11.773 71796.77 0.123926 
9279 12.173 70281.91 0.128137 
8879 12.573 67252.19 0.132347 
9579 12.973 72554.2 0.136558 
7379 13.373 55890.75 0.140768 

 13.773  0.144979 
 

Graph 1-                 Table 2 – Length and diameter given 
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E 5637346 Mpa 
yield stress 47725.65 Mpa 
ultimate 
stress 74069 Mpa 
fracture 
stress 55890 Mpa 

 

 

In the stress strain graph you can see the sketched curve. If you look at the curve you can see the 
modulus of elasticity, yield stress, ultimate stress and fracture stress of material tested. A full set 
of data such as the diameter of 0.44mm, and length of 95mm from a tensile test on 1081 steel 
stock. To find stress force divided by area and for strain displacement divided by length of the 
steel. We found the radius in order to find the area which was 0.132 

Sample Calculation:  

Stress = Force/ Area                                                              Strain = displacement/ length   

 81/0.132 = 613.636                                                                 0.113/95 = 0.1189  

Elasticity = Stress/ Strain  

40689.13/0.00803 = 4902304 

  The yielded stress is 47,725.65 Mpa,. The ultimate stress is 7,4069 Mpa which was also found 
by using figure 1. Fracture stress was easily found by being the last point on the graph which was 
55,890 Mpa. 
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            Discussion Synthesis and Interpretation of Results and Findings  

    In conclusion, with the data that was given we were able to complete a successful experiment. 
When  you look at the stress strain graph you can see that the graph resembles what a real stress 
strain would look like. This experiment objective was successful by sketching the stress strain 
curve, finding the modulus of elasticity, yield stress, ultimate stress, and fracture stress of the 
material tested.  

 

 

                                                                 Appendices  
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5 

  

 Ability to analyze the data using appropriate software to 
generate the required parameters using consistent units 
and significant figures. 
 

 
22 

  

 Use of statistical analysis as needed including uncertainty  
 Analysis. 
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 Relations to each of the experimental objectives. 
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experimental 
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                                                                ABSTRACT 

 

The elastic modulus, yield point, and ultimate strength of 1018 steel were determined in uniaxial 

tension. The "dogbone" specimen geometry was used in a sample of 0.41 mm of diameter and 95 

mm of length.  

 
 
 

                                      INTRODUCTION OF STRESS THEORY  

 

When forces are applied to materials, they deform in reaction to those forces. The magnitude of 

the deformation for a constant force depends on the geometry of the materials. Likewise, the 

magnitude of the force required to cause a given deformation, depends on the geometry of the 

material. For these reasons, engineers define stress and strain. Stress (engineering definition) is 

given by: 

                                           𝜎=
𝐹

𝐴
                                                                                                    (1) 

 
 
 

 Defined in this manner, the stress can be thought of as a normalized force. Strain (engineering 

definition) is given by: 

  

 

                                           Ɛ𝑖 =
𝛥𝑙𝑖

𝑙0𝑖
                                                                                                               (2) 

 
 
 
 

 

 The strain can be thought of as a normalized deformation. While the relationship between the 

force and deformation depends on the geometry of the material, the relationship between the 

stress and strain is geometry independent. The relationship between stress and strain is given by 

a simplified form of Hooke's Law [1]:  

 

 

                                                σ =EƐ                                                                                      (3) 
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Since E is independent of geometry, it is often thought of as a material constant. However, E is 

known to depend on both the chemistry, structure, and temperature of a material. Change in any 

of these characteristics must be known before using a "handbook value" for the elastic modulus. 

               Hooke's Law (Equation 3) predicts a linear relationship between the strain and the stress 

and describes the elastic response of a material. In materials where Hook's Law describes the 

stress-strain relationship, the elastic response is the dominant deformation mechanism. However, 

many materials exhibit nonlinear behavior at higher levels of stress. This nonlinear behavior 

occurs when plasticity becomes the dominant deformation mechanism. Metals are known to 

exhibit both elastic and plastic response regions [2]. The transition from an elastic response to a 

plastic response occurs at a critical point known as the yield point (σ y). Since a plastic response 

is characterized by permanent deformation (bending), the yield point is an important 

characteristic to know. In practice, the yield point is the stress where the stress-strain behavior 

transforms from a linear relationship to a non-linear relationship. The most used method to 

experimentally determine the yield point is the 0.2% offset method [3]. In this method, a line is 

drawn from the point (σ =0,ε =0.2%) parallel to the linear region of the stress-strain graph. The 

slope of this line is equal to the elastic modulus. The yield point is then determined as the 

intersection of this line with the experimental data. 

 In materials that exhibit a large plastic response, the deformation tends to localize. Continued 

deformation occurs only in this local region and is known as necking [4]. Necking begins at a 

critical point known as the ultimate stress (σ ult). Since failure occurs soon after necking begins, 

the ultimate stress is an important characteristic to know.  

While many experimental tests exist to determine the mechanical properties, the simplest is the 

tension test. A convenient sample geometry for the tensile test is the "dogbone" geometry 

(Figure 1). In this test geometry, one end the test specimen is held fixed while the other end is 

pulled in uniaxial tension collinear with the long axis of the sample. The forces throughout the 

sample and test machine are constant, but the stress varies with cross sectional area. The stress 

reaches critical values first in the region of the sample of minimum cross section, and the 

minimum cross section is in the sample. Therefore, the properties of the material are determined 

in this region. 

 
 
Figure 1. "Dogbone" specimen geometry used for tensile test. 
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EXPERIMENTAL PROCEDURE 

A sample with a diameter of steel 0.41mm and a length 95mm. This sample was 

clamped into an Instron Universal Test Machine (Model 1125). The Instron test machine is a 

displacement-controlled machine. One end of the sample was held at a fixed position with the other 

end was displaced at a constant rate. A load cell (Instron model 2511-319) was used to determine 

the force required to maintain a constant displacement rate. The accuracy of the load cell was ± 1 

N. Data was collected on a strip chart (Instron model A1030) that monitored the force as a function 

of chart displacement. The stress in the sample at any force level can be determined from 

Equation 1. The calculation of strain requires the conversion of chart displacement ( δ chart) to 

sample displacement ( δsample). The sample displacement can be calculated from: 

 

δ𝑠𝑎𝑚𝑝𝑙𝑒 =
𝛿𝑐ℎ𝑎𝑟𝑡𝑉𝑑𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑚𝑒𝑛𝑡

𝑉𝑐ℎ𝑎𝑟𝑡
                                                                          (4) 

The rate of sample displacement was 1 ± 0.01 mm/min. The rate of chart displacement was 10 

± 0.1 mm/min. The elastic modulus, yield point, and ultimate stress were determined from the 

stress-strain plot. 
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RESULTS AND DISCUSSION 

The force-chart displacement graph for the 1018 steel examined is shown in Figure 2. The data shown 

in Figure 2 were converted to a corresponding stress-strain graph, Figure 3. Figure 3 clearly indicates 

two regions of linear behavior in the low strain region of the stress-strain graph. This behavior 

suggests that the sample was very compliant at low stress levels, and very stiff at high stress levels. 

Unfortunately, there is no structural or chemical reason why steel should exhibit an increasing 

modulus with increasing stress. Therefore, a more probable explanation is realignment and rotation 

of the test fixture in the low stress (low force) region. Remember, that the text fixture and the sample 

are under the same applied force. Under these experimental conditions, the most compliant member 

will dominate the stress-strain behavior. While the fixture appears very compliant during realignment 

and rotation, the fixture appears very stiff due to its large cross section at higher force levels. In this 

second region, the stress-strain behavior is dominated by the sample. 

 

Figure2. Force as function of chart displacement for 1018 steel tested in tension. 
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Figure 3. Stress-Strain plot for 1018 steel tested in tension. 

 

 

CONCLUSIONS 

 

 

The elastic modulus, yield point, and ultimate stress of 1018 steel were 

determined in uniaxial tension. The "dogbone" specimen geometry was used.  

At low forces, the dominant response was realignment and rotation of the test fixture. 

At high forces, deformation of the sample was the dominant response. The elastic 

modulus, yield point, and ultimate strength values determined are shown in Table I. 

The mean and standard deviation of the yield point were not calculated due to problems 

associated with realignment and rotation of the fixture. 
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 ABSTRACT  
 
A laboratory experiment was conducted to use the data obtained from a pulley cable experiment to plot a 
diagram of velocity vs time and determine the acceleration of the masses in the pulley system experimentally 
and theoretically. In this experiment, two masses of known weight were placed in the pulley system, and the 
time and displacement recorded in order to determine velocity of the masses during the experiment. Data from 
the experiment was collected and shared. A graph of velocity vs time was plotted and generated using the data 
obtained from the experiment. Results of experimental and theoretical acceleration were computed, recorded, 
and discussed. 
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CHAPTER 1 – ABILITY TO CONDUCT EXPERIMENT  

  

1.1 Objective:  

The objective of this experiment was to determine the acceleration, both experimental and theoretical, of the 
masses in a pulley system, and compare them to show the percentage yield. The objective was also to 
demonstrate the relationship between acceleration and the Velocity vs Time graph. 

1.2 Theory: 

According to Newton’s 2nd Law the acceleration of an object depends on the net applied force and the object’s 
mass. The string is hung over a pulley so that both masses are hanging. The weight of one mass pulls the system 
in one direction, while the weight of the other mass pulls in the other direction.  

  
In the above free body diagrams, 𝑇𝑇 is the tension in the string. Assuming that the pulley is massless and 
frictionless, and the string has no mass and does not stretch, the tension T will be the same throughout the string.  
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Considering the direction of movement  

  
Adding the above two equations we get:   

  
 

1.3 Apparatus:  

• Pulley System 
• Masses 
• Stopwatch  
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1.4 Experimental Safety:  

 The safety precautions followed during this experiment included wearing safety goggles, full sleeve shirts, and 
making sure not to inhale or ingest any of the test fluids. Due to the pandemic situation in this semester, social 
distancing, gloves, and masks were required. 

 

 1.5 Experimental Procedure:  

  

Method  

• The pulley system setup was prepared along with the masses by the instructor.  
• The time and distance it took for the masses to move were recorded. 
• The weights of the masses were recorded 

 

  



 

 

CHAPTER 2 – RAW EXPERIMENTAL DATA:  

 

2.1 Experimental Data: 

 The data collection was conducted as a group effort for the recording of the weight of the masses for each run. 
The recorded data is shown in Table 1. 

 

Table 1 – Raw Experimental Data – Mass Weights 

Run # m1 (g) m2 (g) 
1 370 390 
2 350 410 
3 330 430 
4 310 450 

 

By looking at Table 1 it is seen that the initial masses used in the experiment (m1) were decreased for each run. 
Conversely, the final masses used in the experiment (m2) increased for each run. 

Additional data was recorded during the experiment and is shown below in Table 2. 

Table 2 – Raw Experimental Data – Four Runs 
 

Run 1 
  

Run 2 
  

Run 3 
  

Run 4 
Time 
(sec) 

Velocity 
(m/s) 

 
Time 
(sec) 

Velocity 
(m/s) 

 
Time 
(sec) 

Velocity 
(m/s) 

 
Time 
(sec) 

Velocity 
(m/s) 

0 0 
 

0 0 
 

0 0 
 

0 0 
0.2 0.0614 

 
0.2 0.151548 

 
0.2 0.26847 

 
0.2 0.37458 

0.4 0.114535 
 

0.4 0.31847 
 

0.4 0.51245 
 

0.4 0.76514 
0.6 0.13954 

 
0.6 0.42154 

 
0.6 0.78954 

 
0.6 1.18954 

0.8 0.19578 
 

0.8 0.63548 
 

0.8 1.06245 
 

0.8 1.498514 
1 0.26147 

 
1 0.80654 

 
1 1.32155 

 
1 1.78549 

1.2 0.29478 
 

1.2 1.05484 
 

1.2 1.59254 
 

1.2 2.28485 
1.4 0.37451 

 
1.4 1.098457 

 
1.4 1.75145 

 
1.4 2.33548 

1.6 0.414521 
 

1.6 1.31115 
 

1.6 2.1215 
 

1.6 3.154 
 

From Table 2, it is seen that, for each run, as time went on velocity increased.  

 

 

 

 

 



 

CHAPTER 3 – RESULTS AND DISCUSSION:  

 

Information from Table 1 and Table 2 was used to help compute the net force, net mass, total mass, theoretical 
and experimental accelerations, and percentage error values seen in Table 3. Table 3 shows the values from 
Table 1 and Table 2, and those which were calculated from the information in it. 

 

Table 3 – Raw Experimental Data, Net Force, Experimental and Theoretical Accel., and Percent Error 

 

 

Table 2 shows all the data associated with each of the 4 trials/runs in the experiment. These values were 
calculated using the raw experimental data from tables 1 and 2. From the two given masses for the first run, m1 
and m2, the total mass and net mass was computed and tabulated. The net force for each run was then calculated 
by multiplying the net mass by gravitational acceleration. The theoretical acceleration for each run was then 
acquired by dividing the net mass by the total mass for each run, and multiplying the quotient by the 
gravitational acceleration. For the experimental acceleration, a velocity vs time graph was plotted using the data 
given in Table 2 and taking the slope of the straight line which was fitted to the data points. Since both the 
experimental and the theoretical acceleration were known, the percentage yield could be determined by simply 
subtracting the experimental yield from the theoretical yield and dividing the difference by the theoretical yield 
and multiplying by 100. An absolute value was to be achieved, meaning that the result could never be a 
negative number.  

The results showed that the calculations associated with this experiment were reasonably accurate, as the 
experimental and theoretical acceleration values for each run were fairly close to each other. The percentage 
yield for the 4 runs ranged from 0.326% to 3.16%, with the 1st run giving the most accuracy and the 3rd run be 
the least accurate. Even though 3.16% was the greatest percentage error in calculation of experimental 
acceleration this was by no means an inaccurate calculation, as that means that the experimental acceleration 
value for that run was off by just 3%, which is very marginal in these kinds of experiments.  

Run 
# 

m1 
(g) 

m2 
(g) 

mtot 
(g) 

mtot 
(Kg) 

dm 
(g) 

dm 
(Kg) 

Fnet 
(N) 

aexp 
(m/s2) 

athe (m/s2) % error 

1 370 390 760 0.76 20 0.02 0.1962 0.259 0.258157895 0.3261978 

2 350 410 760 0.76 60 0.06 0.5886 0.785 0.774473684 1.3591573 

3 330 430 760 0.76 100 0.1 0.981 1.25 1.290789474 3.1600408 

4 310 450 760 0.76 140 0.14 1.3734 1.785 1.807105263 1.2232416 



Such a small margin of error could have possibly stemmed from the number being read on the stopwatch being 
rounded up or down, or maybe the person recording time took a second late to stop the clock. Either way, such a 
small margin can be overlooked, especially given that it was the highest in the margin of error for this 
experiment. 

Four charts were plotted from the data in Table 2 so that the experimental acceleration could be determined. In 
order to determine the acceleration from these velocity vs time charts, the graph had to be set up with time on 
X-axis and velocity on Y-axis. A straight line was then fitted to each of these plots, and the slope taken for each, 
yielding the experimental acceleration values for each of the four runs. Each of the charts are shown below. 
Figure 1 shows the velocity vs time graph for the first run, and so on (Figure 4 is v vs t graph for Run 4). 

 

 

 

Figure 1  

 

Figure 2  
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Figure 3 

 

 

 

Figure 4 
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CHAPTER 4 – CONCLUSION 

 

4.1 Conclusion:  

A successful experiment was conducted to use the data obtained from a series of four experiments containing 
two masses in a pulley system, to plot a graph of velocity vs time in order to determine the experimental 
acceleration of the masses in the pulley system. The data obtained showed good consistency for the experiment. 
Results also showed that the calculated experimental and theoretical acceleration were consistently close to each 
other, meaning that there was confidence in the accuracy of the determination of the acceleration of the masses 
in the pulley system for each of the four runs. This is proven by the fact that the highest margin of error was 
3.16%.  

  

  

  

  

  

  



Sample Calculations 

  

 

For calculation of total mass, mtot (RUN 1) 

𝑚1 +𝑚2 = 𝑚𝑡𝑜𝑡        

ð 370+390 = !"#$
%###$

	𝑥	1	𝐾𝑔 = 0.76 Kg   
Calculate ∆m 

m2 – m1 = ∆m 

ð 390-370 = &#$
%###$

 x 1 Kg = 0.02 Kg 

 

Calculate Fnet 

Fnet = ∆m x g 

ð 0.02 Kg x 9.81 m/s2 
ð 0.1962 Kgms-2 = 0.1962 N 

Calculate athe       

 athe = ∆(
()*)

 x g 

ð #.#&	-$
#.!"	-$

 x 9.81 m/s2 

= 0.258 m/s2 

Calculate aexp       

Slope of Velocity vs Time graph = aexp 

ð !"#$
!%&

 = '.)	+/#
'.--	#

 = 0.259 m/s2 
 
Calculate % error    

 % error =  .)/0	–	.023
4567	

 x 100 

ð !.#$%	–	!.#$(
!.#$%

 x 100 = 0.326 % 
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Abstract 

The purpose of this experiment is for students to do the experiment and understand Newton’s 
Second Law using the pulley cable. 
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Introduction 

According to Newton’s 2nd Law the acceleration of an object depends on the net applied force 
and the object’s mass. The string is hung over a pulley so that both masses are hanging. The weight 
of one mass pulls the system in one direction, while the weight of the other mass pulls in the other 
direction.  

 

 

 

 

 

In the above free body diagrams, 𝑇𝑇𝑇𝑇 is the tension in the string, assuming that the pulley is massless 
and frictionless, and the string has no mass and does not stretch, the tension T will be the same 
throughout the string. 

 

 

 

 

 

 

 

 

 

Test Objectives 

The test objective is to find the experimental acceleration from the results, theoretical acceleration, 
and percentage error from the experimental and theoretical acceleration. 
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Equipment and Apparatus 

1. Weight hanger  
2. Mass  
3. Sting 
4. Photogate 
5. Pulley 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Material and Test Conditions  
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1. Notebook 
2. Each group completed the experiment separately. 
3. Check for equipment conditions  
4. Start experiment 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Data Analysis Methods and Model (Equations) 
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Mass total is the sum of mass one and mass two(1)  

Convert grams to kilograms by simply dividing the mass total by a thousand shown in the 
table.(2) 

 Delta mass is mass one subtracted by mass two which is converted from grams to kilograms by 
dividing by a thousand once mass one and mass two is subtracted.(3) 

 Net Force is in newtons is delta mass in kilograms multiplied by a thousand. (4) 

 Experimental acceleration is found by using time vs velocity. (5) 

 Once the scatter plot is made for each run, the slope is found which is the experimental 
acceleration.(6)  

Theoretical acceleration delta mass divided by mass total multiplied by earths acceleration which 
is 9.81.(7)   

Percent error is found by theoretical acceleration subtract  divided by a theoretical multiplied by 
a hundred.(8) 

 F= ma  Equation 2 

 

 

 

 

 

 

Suitable Statical Analysis Tools  

 

For this experiment, there was no need for any statistical analysis tool as all the data  obtained 
was able to process by using the machine and calculator. 

 

 

 

 

Test Results and Analysis  

Equation 1  

Equation 3 
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The following table shows a full set of experimental data from a Pulley-Cable test are provided. 
The test results are provided in the following tables. 

Table 1  

 

 

 

 

A full set of data such as  mass one and mass two was given in the table shown as the pulley-cable 
test. Mass total is the sum of mass one and mass two, then we convert grams to kilograms by 
simply dividing the mass total by a thousand shown in the table. Delta mass is mass one subtracted 
by mass two which is converted from grams to kilograms by dividing by a thousand once mass 
one and mass two is subtracted. Net Force is in newtons is delta mass in kilograms multiplied by 
a thousand. Experimental acceleration is found by using time vs velocity shown in the table 2. 
Once the scatter plot is made for each run, the slope is found which is the experimental 
acceleration. Theoretical acceleration delta mass divided by mass total multiplied by earths 
acceleration which is 9.81. Percent error is found by theoretical acceleration subtract  divided by 
a theoretical multiplied by a hundred. 

 

Time vs Velocity Table 2  
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Discussion Synthesis and Interpretation of Results and Findings  

 From this pulley text experiment using the physical pulley machine and the data given, the 
percent errors were found and were successful . Run one is 0.5%. Run two is 6.9%. Run three is 
0.8 %. Run four is 2.5%. The percent value is not over 12% which means the experiment was 
successful. The experiment objective was successful by the experimental acceleration from the 
results, theoretical acceleration, and percentage error from the experimental and theoretical 
acceleration.  

     Concluding on the given data, graphs and calculations that were done for this experiment 
resembles on the percent error and the physical experiment show in table 1 and table 2. 

 

 

Summary 

In conclusion this experiment was successful, and the objective was met due to finding the 
experimental acceleration from the results, theoretical acceleration, and percentage error from 
the experimental and theoretical acceleration. Time vs Velocity is important to finding 
theoretical acceleration for each run. The percent error displays the successful experiment that 
was conducted by students. Most information was found by using equations and simple 
calculations. 
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Formula 

∑𝐹⃗ = 𝑚𝑎⃗  

 

                                                                                               

𝑇⃗⃗ 

                                                                𝑚1 

                                                                                                 

𝐹𝑔1
⃗⃗ ⃗⃗⃗⃗⃗ 

 

                                                                                               

𝑇⃗⃗ 

                                                                𝑚2 

                                                                                                 

𝐹𝑔2
⃗⃗ ⃗⃗⃗⃗⃗ 

 

 

𝑇 =
2𝑔(𝑚1)(𝑚2)

𝑚1 + 𝑚2
 

 

 

 

 

 

 

                                                                                𝑚1 

                                                                                  

             𝑚1                                                                                 𝑚2                                                         𝑚2 

 

     𝑚1𝑔                           
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                                              a= acceleration                                                      𝑚2𝑔              

𝛴𝐹1𝑦 = 𝑇 − 𝑚1𝑔 = 𝑚1𝑎1 

  

𝛴𝐹2𝑦 = 𝑇 − 𝑚2𝑔 = 𝑚2𝑎2 

                                      Considering the direction of movement   

                                                                                        

𝛴𝐹1𝑦 = 𝑇 − 𝑚1𝑔 = 𝑚1𝑎 

                                                                               

𝛴𝐹2𝑦 = −𝑇 + 𝑚2𝑔 = 𝑚2𝑎 

Adding the above two equations we get:  

                                      𝑚2𝑔 − 𝑚1𝑔 = 𝑚1𝑎+𝑚2𝑎 

                                          𝛥𝑚𝑔 = 𝑚𝑡𝑜𝑡𝑎 

                                                          

                                                         𝑎 = 𝑔(
𝛥𝑚

𝑚𝑡𝑜𝑡
)                
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Theory 

 

According to Newton’s 2nd Law the acceleration of an object depends on the net applied force and the 

object’s mass. The string is hung over a pulley so that both masses are hanging. The weight of one mass 

pulls the system in one direction, while the weight of the other mass pulls in the other direction. In the 

above free body diagrams, 𝑇 is the tension in the string, assuming that the pulley is massless and 

frictionless, and the string has no mass and does not stretch, the tension T will be the same throughout 

the string. 
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Data 

 

 

 

 

 

 

 

 

 

Run # 

 

m1 
 

m2 mtot Mtot Δm Δm Fnet aexp athe % error 

 g g g Kg G kg N m/s2 m/s2  

           

1 370 390 760 0.76 20 0.02 0.1962 0.258065 2.578947 89.9934 

2 350 410 760 0.76 60 0.06 0.5886 0.84507 7.736842 89.07733 

3 330 430 760 0.76 100 0.1 0.981 1.25 12.89474 90.30612 

4 310 450 760 0.76 140 0.14 1.3734 2 18.05263 88.92128 

           

           

           

           

           

           

Run 1   Run 2   Run 3   Run 4  
Time Velocity  Time Velocity  Time Velocity  Time Velocity 

Sec m/s  sec m/s  sec m/s  sec m/s 

0 0  0 0  0 0  0 0.37458 

0.2 0.0614  0.2 0.151548  0.2 0.26847  0.2 0.76514 

0.4 0.114535  0.4 0.31847  0.4 0.51245  0.4 0.76514 

0.6 0.13954  0.6 0.42154  0.6 0.78954  0.6 1.18954 

0.8 0.19578  0.8 0.63548  0.8 1.06245  0.8 1.498514 

1 0.26147  1 0.80654  1 1.32155  1 1.78549 

1.2 0.29478  1.2 1.05484  1.2 1.59254  1.2 2.28485 

1.4 0.37451  1.4 1.098457  1.4 1.75145  1.4 2.33548 

1.6 0.414521  1.6 1.31115  1.6 2.1215  1.6 3.154 

mdalam
Pencil



  7 

 
Graph of Run 1 
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Graph of Run 2 
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Graph of Run 3 

 

 

 

 

 

 

 

 

 

 

 

 

Run 3            
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Graph of Run 4 
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Results  

The slope and the athe differ significantly. This makes the experiment have a significantly large percent 

error. The percent error for this experiment is a constant between 88 and 90. With each run the slope 

grew larger and larger. Thus, why the experiment does not stay constant at 88. 
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Excel link 

 

 

https://d.docs.live.net/8fbeefc78cde0476/Documents/CVEG%202061%20Assignment%20Report%20-

3.xlsx 

 

 

https://d.docs.live.net/8fbeefc78cde0476/Documents/CVEG%202061%20Assignment%20Report%20-3.xlsx
https://d.docs.live.net/8fbeefc78cde0476/Documents/CVEG%202061%20Assignment%20Report%20-3.xlsx
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S.Tillmutt 
 
Sanjay Tillmutt. 
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 ABSTRACT  
 
A laboratory experiment was conducted to use the data obtained from a steel coil spring experiment to plot a 
diagram of Force vs Elongation to determine the spring constant of the steel coil spring experimentally and 
theoretically. In this experiment, several masses of known weight were applied to the steel spring, and the 
displacement of the spring recorded to determine elongation of the spring during the experiment. Data from the 
experiment was collected and shared. A graph of force vs elongation was plotted and generated using the data 
obtained from the experiment. Results of experimental and theoretical spring constant were computed, recorded, 
and discussed. 
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CHAPTER 1 – ABILITY TO CONDUCT EXPERIMENT  

  

1.1 Objective:  

The objective of this experiment was to determine the spring constant in the steel spring which was tested and 
compare them to show the percentage yield. The objective was also to demonstrate the relationship between 
spring constant and the Force vs Elongation graph. 

1.2 Theory: 

A spring constant is the measure of the stiffness of a spring. If a mass, m is attached to the lower end of the 
spring, the spring stretches a distance of d from its initial position under the influence of the “load” weight. 

 

 W = mg              (1)  

The downward force, W, must be balanced by the upward restoring force of the spring when the system is at 
rest.  

F = W = mg              (2)  

According to Hooke’s law the restoring force of the spring is directly proportional to the elongation within the 
elastic limit (the maximum a spring can stretch without being permanently deformed) and can be written as  

F = k d              (3)  

where F is the restoring force in Newtons (N), k is the spring constant in (N/m) and d is the elongation (the 
stretched amount) in Meters (m). 

 The restoring force is in the opposite direction to its elongation, as shown by the minus sign. When the applied 
force (the loaded weight) is used in calculation, the minus sign is not used, and the above equation can be 
written as 

 F = k d or mg = k d             (4)  

The spring constant, k, can therefore be calculated 

 k = F/d = mg/d             (5) 

1.3 Apparatus:  

 

• Pendulum clamp 
• Aluminum pole 
• Large clamp 
• Assorted masses 
• Mass hanger 
• Steel spring 
• Ruler  
• 2-meter stick 
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1.4 Experimental Safety:  

 The safety precautions followed during this experiment included wearing safety goggles, full sleeve shirts, and 
making sure not to inhale or ingest any of the test fluids. Due to the pandemic situation in this semester, social 
distancing, gloves, and masks were required. 

 

 1.5 Experimental Procedure:  

  

Method  

• The large clamp was clamped to the end of the table by the instructor.  
• The Aluminum pole was then clamped into the clamp so that the spring could hang from it 
• The weights of the masses were recorded and put on the hanger 
• The initial position (before weights were applied) and final position (after weights were applied) were 

measured using a ruler 
  

mdalam
Pencil



 

 

CHAPTER 2 – RAW EXPERIMENTAL DATA:  

 

2.1 Experimental Data: 

 The data collection was conducted as a group effort for the recording of the weight of the masses and the initial 
and final position of the spring. The recorded data is shown in Table 1. 

 

Table 1 – Raw Experimental Data – Mass Weights, Initial, and Final Positions 

 

 

 

By looking at Table 1 it is seen that as the masses increased, so did the final position. The experiment was 
concluded with the maximum final position being at 10 cm on the ruler. The maximum weight that was put on 
the spring was 12000 grams, or 12 Kg. 

  

Mass in Grams 
g 

Initial Position, 
Xi  cm 

Final Position, Xf 

cm 
0 7.5 7.5 
1500 7.5 7.8 
3000 7.5 8 
4500 7.5 8.42 
6000 7.5 8.7 
7500 7.5 8.95 
9000 7.5 9.24 
10000 7.5 9.55 
12000 7.5 10 
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CHAPTER 3 – RESULTS AND DISCUSSION:  

 

Information from Table 1 was used to help compute the values for net force, elongation, spring constant, and 
work done seen in Table 2. Table 2 shows the values from Table 1, and those which were calculated from the 
information in it. 

Table 2 – Raw Experimental Data, Force, Elongation, Spring Constant, and Work Done 

Mass 
in 
grams 

Mass 
in 
Kg 

F (N) Initial 
Position, 
xi 

Initial 
Position, 
xi 

Final 
Position, 
xf 

Final 
Position, 
xf 

Elongation Spring 
Constant, k 

Work done 
by spring 
(0.5kx^2) 

g Kg N cm m cm m m N/m N-m 
0 0 0 7.5 0.075 7.5 0.075 0 0 0 
1500 1.5 14.715 7.5 0.075 7.8 0.078 0.003 4905 0.01903815 
3000 3 29.43 7.5 0.075 8 0.08 0.005 5886 0.05288375 
4500 4.5 44.145 7.5 0.075 8.42 0.0842 0.0092 4798.369565 0.179043224 
6000 6 58.86 7.5 0.075 8.7 0.087 0.012 4905 0.3046104 
7500 7.5 73.575 7.5 0.075 8.95 0.0895 0.0145 5074.137931 0.444752338 
9000 9 88.29 7.5 0.075 9.24 0.0924 0.0174 5074.137931 0.640443366 
10000 10 98.1 7.5 0.075 9.55 0.0955 0.0205 4785.365854 0.888975838 
12000 12 117.72 7.5 0.075 10 0.1 0.025 4708.8 1.32209375 

 

 

 

Table 2 shows all the data associated with the experiment. These values were calculated using the raw 
experimental data from Table 1. The first mass which was applied to the spring weighed 1.5 Kg. The net force 
was then calculated by multiplying that mass by gravitational acceleration. After this force was applied to the 
spring, an elongation was determined by subtracting the initial position of the spring from the final position of 
the spring after a mass was applied to it. The spring constant was then computed by using equation (3). This 
computation of spring constant using equation (3) yielded the theoretical value of k. For the experimental spring 
constant, k, a Force vs Elongation graph was plotted using the data given in Table 2 and taking the slope of the 
straight line which was fitted to the data points. Since both the experimental and the theoretical spring constant 
were known, the percentage yield could be determined by simply subtracting the experimental yield from the 
theoretical yield and dividing the difference by the theoretical yield and multiplying by 100. An absolute value 
was to be achieved, meaning that the result could never be a negative number.  

The results showed that the calculations associated with this experiment were marginally acceptable, as the 
experimental and theoretical acceleration values were not so close to each other, but also not too far off either. 
The percentage error of the calculations for spring constant in this experiment was 13.75%. This value was said 
to be marginally acceptable because, generally, a 12.5% error is acceptable for most experiments.  

Such a moderate margin of error could have possibly stemmed from several different factors, such as poor 
judgement in estimation of the slope of the Force vs Elongation graph, inaccurate ruler reading, or loss of track 
of how much weight was applied to the spring.  
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A chart was plotted from the data in Table 2 so that the experimental spring constant values could be 
determined. To determine the spring constant values from the Force vs Elongation graph, the graph had to be set 
up with elongation on X-axis and force on Y-axis. A straight line was then fitted to the plot, and the slope taken, 
yielding the experimental spring constant value for the experiment.  

The chart is shown below. Figure 1 shows the Force vs Elongation graph that was set up using information from 
Table 2. 

 

 

Figure 1  
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CHAPTER 4 – CONCLUSION 

 

4.1 Conclusion:  

A successful experiment was conducted to use the data obtained from an experiment containing several masses 
applied to a steel spring, to plot a graph of Force applied to the spring vs Elongation of the spring in order to 
determine the experimental spring constant of the steel spring. The data obtained showed good consistency for 
the experiment. Results also showed that the calculated experimental and theoretical spring constants were 
roughly close to each other, meaning that there was an acceptable gap between the two values. This is because 
there was 13.75% margin of error.  
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Sample Calculations 

  

 

For calculation of total mass, mtot (RUN 1) 

𝑚𝑚1 + 𝑚𝑚2 = 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚        

 370+390 = 760𝑔𝑔
1000𝑔𝑔

 𝑥𝑥 1 𝐾𝐾𝐾𝐾 = 0.76 Kg   
Calculate ∆m 

m2 – m1 = ∆m 

 390-370 = 20𝑔𝑔
1000𝑔𝑔

 x 1 Kg = 0.02 Kg 

 

Calculate Fnet 

Fnet = ∆m x g 

 0.02 Kg x 9.81 m/s2 
 0.1962 Kgms-2 = 0.1962 N 

Calculate athe       

 athe = ∆𝑚𝑚
𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚

 x g 

 0.02 𝐾𝐾𝐾𝐾
0.76 𝐾𝐾𝐾𝐾

 x 9.81 m/s2 

= 0.258 m/s2 

Calculate aexp       

Slope of Velocity vs Time graph = aexp 

 
𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅
𝑅𝑅𝑅𝑅𝑅𝑅

 = 0.2 𝑚𝑚/𝑠𝑠
0.77 𝑠𝑠

 = 0.259 m/s2 
 
Calculate % error    

 % error =  
𝑎𝑎𝑡𝑡ℎ𝑒𝑒 – 𝑎𝑎𝑒𝑒𝑒𝑒𝑒𝑒

athe 
 x 100 

 0.258 – 0.259
0.258

 x 100 = 0.326 % 

  

  

mdalam
Pencil



1 
 

Prairie View A&M University  

Roy G. Perry College of Engineering  

Civil Engineering 
 

 

 

 

 

 

 

 

 

 

 

CVEG 2061 P81- Materials and Dynamics  

Laboratory Report 1- Torsion  

Nyja Kennedy  

Given: 

Due: 15 April 2021 

 

 

 

 

 

 

mdalam
Pencil



2 
 

Abstract 

The purpose of this experiment is understanding the experiment data from a spring constant 
test 0f a steel spring. The data given gives a result of displaying force vs elongation. For this 
experiment conversion for mass, force, and initial and final positions are necessary to finding the 
most important information needed.  Using Hooke’s law is important to solving the calculations 
in this experiment to display the data table and graphs created. 
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Introduction  

A spring constant is the measure of the stiffness of a spring. For instance, mass attached to a 
spring stretches the distance from the initial position. The downward force must be balanced by 
the upward restoring force of the spring when at rest. The spring’s restoring force acts in the 
opposite direction to its elongation. , the spring's elongation, final position subtracted initial 
position, is dependent upon the spring constant, k, and the weight of a mass, mg, that hangs on 
the spring. Hooke’s law states that, for small deformations of an object, the displacement of the 
deformation is directly proportional to the deforming force. Under these conditions the object 
returns to its original shape and size upon removal of the load. Hooke’s law, the restoring force 
of the spring is proportional to elongation within the elastic limit. When forced is applied the 
equation written will be positive.   

   

Hooke’s Law: 

 

Figure 1  

 

 

 

 

 

 

 

 

Test Objective  

The object of the experiment is to determine the soring constant of the steel spring on given data, 
showing graphical representation on the data, and finding the work done by the spring at the 
different loading from graphical method and analytical method. 
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Equipment and Apparatus  

 

1. Large clamp 
2. Pendulum clamp 
3. Spring  
4. Meter Stick 
5. Mass Hanger  

Figure 1                                                                                                                    Figure 2  

  

 

 

 

 

 

Figure 3                                                                                                    Figure 4  

  

 

 

 

 

 

Figure 5                                                Figure 6 : Experiment put together  
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Materials and Test Conditions 

1. Notebook  
2. Each group completed the experiment separately. 
3. Check for equipment conditions 
4. Start experiment. 

 

 

 

Step by Step Description and Experimental Safety Issue  

   Clamp the large clamp to the end of the table so that groove in the metal is vertical. (1) Place 
the aluminum pole in the groove and tighten up the screw. (2) Clam the pendulum clamp to the 
top of the Aluminum pole.(3) Loosen the knob at the end of the clamp and place the loop of the 
end of the spring behind the two metal fingers (behind the knob).(4) Large diameter of the spring 
is facing downward, and small diameter is upward towards the knob.(5) record the initial 
position. (6) the difference between two number initial position subtracted by final position. (7) 
Hang the total mass given by instructor from the bottom loop of the spring.(8) Measure the 
bottom loop of spring where it is stretched. (9) 
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Data Analysis Methods and Model (Equations) 

 

1. Convert each mass in grams to kilograms (mass/1000) 
2. Calculate force in Newton using F=W=mg  (mass in kg * 9.81) 
3. Convert initial position centimeters to meters ( initial position/ 100) 
4. Convert finial position centimeters to meters  ( Final position/ 100) 
5. To determine elongation (Finial position in meters – Initial position in meters) 
6. Spring constant ( mass in kg / elongation) 
7. Find k by using the graph that was created (rise/ run) 
8. Work done by spring (0.5*k*x^2) 

 

 

 

 

 

Suitable Statical Analysis Tools 

For this experiment, there was no need for ay statistical analysis tool as all data is obtained by 
the process of using the experiment created and calculator. 
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Test Results and Analysis  

This table displays the experimental data from a spring constant test of a steel spring. 

Table 1  

 

 

 

 

 

 

 

Graph 1 :Force in Newtons vs Elongation in meters  

 

 

 

 

 

 

 

Graph 2 : Force vs Elongation  
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      The full set of data such as the mass, initial position, and finial position is given. Using the 
equations and calculations each column was found shown in table 1. Graph 1 force vs elongation 
and table 1 highlighted in yellow shows the graphical representation on the data on finding k using 
the equation rise over run, which is equal to 4910.34 N/m. The value k is different value due to 
human error. In table1 I used the row highlighted in blue to analysis the graphical method and 
analytical method for graph 2. Work done by the spring at different loading from a graphical 
method shown in graph 2 is equal to 0.3954 m^2 using the equation area= 0.5 multiplied by base 
multiplied by height. In table 1 highlighted in orange shows the analytical method which is equal 
to 0.3535 N-m. The numbers 0.3954 and 0.3535 are significantly close to each other meaning the 
calculations are accurate. The table and two graphs are important in this experiment to show the 
graphical method and analytical method used. 

 

 

 

Discussion Synthesis and Interpretation of Results and Findings 

     This experiment, spring constant was successful done by the equations and the graphical 
method and analytical method used for the data that was given. The object was successfully found 
by determining the spring constant of the steel spring on given data, showing graphical 
representation on the data, and finding the work done by the spring at the different loading from 
graphical method and analytical method. Concluding on the given data, graphs and calculations 
that were done for the experiment shows accuracy between both methods that were found. 
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Summary  

    In conclusion this experiment, spring constant was successful, and the objective was met due to 
finding what was given. The spring constant displays accurate information and data in a spring 
constant test. Such as the table 1, graph 1 and graph 2 displays the prove that this experiment is 
accurate although there is always going to be human errors in experiments. Most of the 
experiments data was found by using hook’s law and simple conversion explained in data analysis 
methods and models. 
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Abstract
The acidity of a water sample may be used to classify the various minerals and 

acids present. The basic substance of carbonate, bicarbonate, and hydroxide in water is 
measured as alkalinity. The term "hardness" refers to the sum of calcium and 
magnesium ions in precipitating soap. The sum of hydrogen ions and hydroxide ions in 
a solution is calculated by the pH. The aim of this experiment is to determine the acidity,
alkalinity, pH, and hardness of the water samples that were used (Brazos River, Lady 
Bird Lake, and Groundwater). After all of the procedures have been finished and 
recorded, the four water samples can be compared. Drops of Phenolphthalein and 
Bromcresol were applied to a water sample until it turned pink to determine the acidity 
and alkalinity. Using a buffer and titrant, the hardness of the water was measured until it
turned blue. Using a pH meter, the pH levels were determined. Water from lady bird 
lake had the highest acidity, hardness and pH. While PV groundwater had the highest 
alkalinity. Due to some possible error occurrences the hardness for lake water had to be 
redone and the average of all the values was taken for the results of this experiment.

Introduction
The tendency of a solid base to react to the pH value of water is known as acidity. Acidity 

is a measurement of the water's overall composition, and it can only be specified after the 
contaminants in the water have been identified. The color shift of the phenolphthalein indicator is 
similar to pH 8.3, which is considered a normal endpoint for total acidity titration. At 3.7, 
Bromcresol blue undergoes a dramatic color transition. Regardless of the system of calculation, 
the titrations are historically referred to as "methyl orange acidity"(pH 3.7) and 
"phenolphthalein"(pH 8.3) or total acidity. Alkalinity is a pH-dependent property that determines 
how easily a material can neutralize acid. When determining alkalinity, the amounts of carbonate, 
bicarbonate, and hydroxide are considered. Hardness is described as the ability of certain ions to 
precipitate soap. The calcium and magnesium concentrations in a water sample determine the 
hardness of the water. Alkalinity and acidity in water are measured using the pH meter. The 
hydrogen ions and hydroxide ions can be measured by pH, and such reactions can occur based on 
the concentration. The chemical characteristics of water such as acidity, alkalinity, hardness, and 
pH can be used to determine the state of a sample.

Objectives
The goals of this experiment are to assess the acidity, alkalinity, pH, and hardness values 

of the water samples used (Brazos River, Lady Bird Lake, and Groundwater). The four water 
samples will then be compared after all of the protocols have been completed and registered.

Experimental Methods
Water samples:

1) Brazos River
2) Lady Bird Lake
3) Groundwater

Acidity Procedures (Total Acidity)
1) Fill the measuring tube brim full of the sample water and Pour the contents into the 

square-mixing bottle. 
2) Add one drop of Phenolphthalein Indicator Solution to the mixing bottle and swirl to mix.
3) If the water turns pink, the total acidity is zero.



4) If the water remains colorless, add the Sodium Hydroxide Standard Solution drop by drop 
and count each drop. Swirl to mix. Continue adding drops until the sample turns slightly 
pink.

5) The total acidity is expressed in mg/L as calcium carbonate, multiply number of drop by 
20.

Alkalinity Procedures (High Range)
1) Fill the measuring tube brim full of the sample water and Pour the contents into the 

square-mixing bottle. 
2) Add one Phenolphthalein Indicator Powder Pillow to the mixing bottle. Swirl to mix. If 

the sample remains colorless the Phenolphthalein alkalinity is 0 so go to step 5. 
3) If sample turns pink, add Sulfuric Acid Standard Solution to the mixing bottle one drop at 

a time and Count each drop. Swirl to mix after each drop. When the sample becomes 
colorless, record the number of drops added.

4) Calculate the Result – Multiply by 20 the number of drops of titrant used. This is the mg/L
of phenolphthalein alkalinity as CaCO3.

5) Add the contents of one Bromcresol Green-Methyl Red Indicator Powder Pillow to the 
mixing bottle and swirl to mix.

6) Add Sulfuric Acid Standard Solution one drop at a time and count each drop. Swirl the 
mixing bottle after each drop is added. Add drops until the sample turns pink.

7) Multiply by 20 the total number of drops, This is total mg/L of methyl orange alkalinity as
CaCO3.

pH
1) Calibrate the pH meter 
2) Pour water sample on to a test tube 
3) Submerge the probe on the test tube
4) Read the pH and temperature from the pH meter and record data
5) Repeat for sample 2 for the same water sample

Hardness Procedures (High Range)
1) Fill the measuring tube brim full of the sample water and Pour the contents into the 

square-mixing bottle. 
2) Add three drops of the Buffer Solution, Hardness 1 to the mixing bottle. Swirl to mix. 
3) Add one drop of Hardness 2 indicator to the mixing bottle. Swirl to mix. (*A blue color 

indicates soft water. If a red color develops, proceed to step 4)
4) Add Hardness 3 Titrant Reagent by drops. Count the drops until the color changes from 

red to blue. Swirl to mix after each drop is added. 
5) Calculate the Results- Each drop of Hardness 3 Titrant Reagent equals 1 grain hardness as 

CaCO3. One grain per gallon equals 17.1 mg/L. 



Results
The following table are the results from the Acidity, Alkalinity, Hardness, and 

pH experiment. The test samples were of water from Lady Bird Lake, Bravos River, and
PV Groundwater.

  Lake Water River Water Groundwater

   
1 –
SM,
MY

2 – ST,
AA

3 - LO
1 –
NK,
NS

2 –
BW,
DG

1 –
ML,
PH

2 – DP,
DS

Acidity

 

0
mg/L
CaCO

3

0
mg/L
CaCO

3

 

 0 
mg/L 
CaCO
3

 0 
mg/L 
CaCO
3

 0
mg/L

CaCO3

 0
mg/L

CaCO3

 

60
mg/L
CaCO

3

60
mg/L
CaCO

3

60
mg/L
CaCO

3

 20 
mg/L 
CaCO
3

20
mg/L
CaCO

3

40
mg/L

CaCO3

40 
mg/L 
CaCO3

Alkalinit
y

 

170
mg/L
CaCO

3

187
mg/L
CaCO

3

-           

HR:
187

mg/L
CaCO

3

LR:
170

mg/L
CaCO

3

HR:
280

mg/L
CaCO3

HR:
280

mg/L
CaCO3

Hardnes
s

Averag
e:

264.95
mg/L

CaCO3

205.2
mg/L

as
CaCO

3

324.9
mg/L
CaCO

3

256.1
mg/L
CaCO

3

HR:
153.9
mg/L
CaCO

3

HR:
171

mg/L
CaCO

3

171
mg/L

CaCO3

153
mg/L

CaCO3273.6
mg/L
CaCO

3

pH  
6.85 7.09

-           
6.42 6.99 6.51 7.02

15.1º
C

15.2º
C

18º C 17.4º
C

17.7º
C

18.8º
C

Table. 1 Acidity, Alkalinity, Hardness, and pH results

Discussion
The lake water came from Lady Bird Lake in Austin, TX. It has the highest total acidity 

out of the three water samples, measuring at 60
mg
L

asCaCO3 with an alkalinity that was 

significantly higher, averaging at 178.5
mg
L

asCaCO3. Acidity and alkalinity directly coincide 

with pH, as pH measures waters acidity and alkalinity on a 14 point scale. According to the Lady 
Bird Lake Watershed Data Report, in 2019 the pH came in at a high of 9.0 and a low of 6.5 (TST,
12). Even on a low scale the pH of Lady Bird Lake simply went from base to alkalinity. This is 
reflected in our report, since the pH calculated in the lab measured at a high of 7.09 and a low of 
6.85 never fully making it out of the base range. The lake water also had the highest hardness, 
indicating that it has a heavy presence of Calcium and Magnesium. Hardness is typically 
measured in parts per million (ppm) or milligrams per liter (mg/L). The hardness measured for 

lake water came out to be an average of 264.95
mg
L

asCaCO3 which put it in a range of being 

classified as very hard water (Water hardness and pH, 67). 
Groundwater is reported having the largest measurements for alkalinity. The alkalinity 

was the highest but the pH was the highest for the lake water. It was expected that since the 



acidity was not as high as the lake water, and the alkalinity was the highest for the groundwater, 
that the pH might be the highest, but that was not the case. The pH for the groundwater was 
slightly less than that of the lake water. This is likely just due to location. The groundwater 
sample was collected in Prairie View A&M University and the lake water was collected in Austin,
TX. Water softening is widely used to reduce the harmful effects of hard water in any situation 
where it is a concern. There are many methods for removing calcium, magnesium, and other 
metal cations from water, but lime softening is the most common.

Conclusion
In this lab, we did four simple tests to measure the acidity, alkalinity, pH, and hardness of 

3 samples of water, lake water form lady bird lake, river water from bravos river, and 
groundwater from Prairie View. The most common method used was the titration method where 
we mixed certain chemicals, such as Phenolphthalein and Bromphenol, with our water samples 
approximated the concentration of acidity, alkalinity, and hardness. Each chemical had a certain 
pH associated with it, the Phenolphthalein typically had a higher pH and was associated with 
alkalinity while the bromphenol had a low pH and was associated with acidity. The pH was 
measured using a pH meter. The hardness of water is determined by the calcium and magnesium 
concentrations in a sample. Noncarbonate hardness is described as the amount of hardness that 
exceeds the sum of carbonate and bicarbonate alkalinity numerically. There was some slight 
errors when it came to the hardness of lake water. The original values that were collected for 
sample one and two very different and so the lab was reconducted and a new value was recorded. 
We were then instructed to add all the collected values for the hardness of lake water and take the 

average which is how I got the value of  264.95
mg
L

asCaCO3. In the future, paying more attention

to the number of drops for each sample and making sure that one doesn’t put unnecessary drop 
into a solution could possibly help this lab avoid those kinds of mistakes in the future.
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ABSTRACT

The purpose of the Biochemical Oxygen Demand lab experiment was to measure Effluent 
wastewater and Influent wastewater samples for their biochemical oxygen demand levels. The 
BOD measurement quantifies the dissolved oxygen in a testing sample immediately after it is 
procured, known as DO initial, and after a five (5) day period, known as DO final. The 
quantified BOD values allows environmental engineers to understand the activity and amount of 
organic matter as well as bacteria present in the water analyzed.  The ultimate biochemical 
oxygen demand and k constant was measure from diluted influent and effluent water samples by 
10 mL and 125 mL, respectively. The DO values were then documented each passing day (24 
hour period) using a dissolved oxygen meter. The final ultimate BOD results were as follows: 
For the Influent Water: Least Squares Method BODu = 438.335 g/m3, Thomas Method BODu 
= 715.06 g/m3, and Fujimoto Method BODu = 525 g/m3. The Effluent Wastewater: Least 
Squares Method BODu = 41.648 g/m3 Thomas Method BODu = 54.856 g/m3, and Fujimoto 
Method BODu = 43 g/m3. The BODu values all seemed to be consistent in value for each of the 
three methods applied. The range of the samples were in close proximity. The value amount 
appeared accurate with the BODu for the effluent being much lower than the BODu for the 
Influent.  It was determined that the Influent contained the highest value of biochemical oxygen 
demand followed by the effluent waste water sample with the lowest value of oxygen demand. 
The difference in values between the Influent and Effluent water samples are a result of the 
effluent water being treated by the waste water treatment plant. Any discrepancies are discussed 
in the discussion section of this report. Recommendations include performing additional trials to 
reduce errors in our calculations. Other recommendations include performing the labs as a 
collective group to help monitor performance and avoid inconsistencies. Also, including clear 
explanations in the lab trials can assist in further understanding of the lab process. Lastly, 
communication and listed instructions between lab supervisors and students can help reduce 
inconsistent steps in the lab process.

I. Introduction

The experiment was conducted using equipment in the engineering lab under the supervision 
of the professor. The instructor explained to students the BOD testing procedure as students 
took notes. “The biochemical oxygen demand (BOD) is a test performed to measure the 
potential of wastewater and other waters to deplete the oxygen level of receiving waters” [1]. 
The BOD testing assist environmental engineers in finding the strength of the wastewater 
based on the amount of oxygen consumed. Understanding BOD levels help regulate the 
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oxygen in water sources that is crucial for ecosystem. If too much oxygen is consumed then 
living organism would perish from too little oxygen available. Once the lab was discussed by
the instructor the data was collected after a 5 day period and shared with students to analyze 
the outcome of the experiment. 

II. Objectives

The objective for the Biochemical Oxygen Demand (BOD) experiment was to find the BOD 
levels and determine the values for the ultimate BOD, k constant, and BOD5 using the Linear 
Least Square method, Thomas Method, and Fujimoto method for  both Effluent Wastewater and 
Influent Wastewater, and Blank Water Sample. These values were tabulated and reported. An 
overview of BOD’s influence on the water was discussed. The results helped identify amounts of
organic matter from the biochemical oxygen demand in water.

III. Experimental Methods

APPARATUS BOD

1. Disposable Wipes
2. Pipette
3. Water Samples (1 Liter Samples): Effluent Waster Water, Influent Waster Water, and 
Blank Water Sample
4. Disposable BOD Bottles, 300 mL
5. Bottle wash
6. Dissolved Oxygen Sensor
7. BOD Bottle Cap

PROCEDURES

BIOCHEMICAL OXYGEN DEMAND PROCEDURE

1. Insert 10 mL of the influent wastewater sample into standard BOD bottle.
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2. Insert 290mL of distilled water (the blank) into the same standard BOD bottle with the 
influent water to reach a max volume of 300mL. The distilled water consist of a seed to 
eliminate any bacteria that would require an oxygen demand.

3. Insert 125 mL of the effluent wastewater sample into a standard BOD bottle.
4. Insert 175 mL of distilled water into the same bottle that consist of the effluent water to 

reach a maximum volume of 300mL. 
5. Insert 300mL of distilled water into a standard BOD bottle that will be used as the blank 

for experiment. 
6. Tightly seal each BOD bottle with a stopper and prepare for titration.
7. Measure and record the dissolved oxygen (DO) for the two water samples by inserting 

the three BOD bottles filled with solutions in a Dissolved Oxygen Meter.
8. Place all three bottles in an incubator at 20º for 5 days. After 5 days measure the DO 

again. At least 1.0 mg/L DO should be left in each BOD bottle.
9. Then calculate the BOD ultimate (BODu).

a. To calculate the BOD ultimate (BODu) use either the Least-Squares Method, 
Thomas Method, or the Fujimoto Method.

IV. Results & Discussion

The final results of the BOD experiment were reasonable resulting from the state of treatment
for each sample. The untreated Influent water sample had a high 715.06 g/m3 after applying the 
Thomas method and the Effluent water sample had a value of 54.856 g/m3. The Thomas method 
provided the highest values likely resulting from the tabulation data manipulation. The Least 
square method provided the lowest values of the BODu which is the most accurate method. All 
three methods provided data in the same range. When free oxygen is available the aerobic 
bacteria will use the organic matter in wastewater as a food source. The BOD test the amount of 
such organic matter in the wastewater. Typical sources of BOD are readily biodegradable 
organic carbon.3 The greater the value of dissolved oxygen in the waste water the more organic 
matter found. In testing the BOD helps determine the strength of the wastewater by quantifying 
the oxygen used by bacteria.2 The waste water influent is untreated water and is expected to 
contain high levels of BOD unlike the blank and Influent water samples. The Effluent water data 
indicates that it is safe water to drink under United States Federal guidelines. It is important to 
note that public water spaces are more inclined for contamination and pollution since easily 
accessible by the general public and easily susceptible to contamination by the general public.
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V. Conclusion & Recommendation  

The experiment was conducted to find the values for biochemical oxygen demand (BOD) levels 
in both Influent and Effluent wastewater samples. The BODu value for the Influent wastewater 
was much greater than the effluent wastewater likely as a result of the water being treated with 
various chemicals to eliminate the organic matter in the water and assist with human 
consumption of the water. The values were consistent with the fact that the wastewater influent 
had not yet been treated and likely contained high amounts of organic matter. The wastewater 
effluent went through a treatment and the BODu should reasonably be much lower. The topics 
discussed in class and instructions given the Instructor helped guide the methods used. Final 
numerical data from the experiment were obtained and analyzed. As a result, the influent water 
would be fit for human consumption. Some key recommendations proposed would be to gather 
several water samples sourced from different areas to get better insight on area BOD ranges and 
understand the source of organic matter in the water. Also, performing several trials per water 
sample would help eliminate human error and deviations from expected values. Lastly, 
conducting the experiments in a collective group setting and without the working of the teacher 
assistance would help with group management and execution errors. The following 
recommendations would result in best lab practices and results in a better understanding of the 
material. 
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VII. APPENDIX  

Table 1-1

Influent Sample

Time (d)

DO mg/l

Sample

Dilution
Water
(Blank)

0 8.65 8.75

1 7.21 8.64

2 5.56 8.52

3 4.12 8.4

4 2.96 8.31

5 1.99 8.22

6 0.87 8.16

Table 1-2

Effluent Sample

Time (d)

DO mg/l

Sample

Dilution
Water
(Blank)

0 8.71 8.75

1 7.52 8.64

2 6.43 8.52

3 5.22 8.4

4 4.16 8.31

5 3.32 8.22

6 2.46 8.16

Sample Calculations

INFLUENT

Given: 

V s=10mL

P=
10 mL
300

=0.0333333333

6



f =1−P=0.9666666667

BOD1=
( DO0−DO1 )−(B0−B1)× f

P
=

(8.65−7.21 )−(8.75−8.64 )×(0.97)

0.0333333333 mL
=40.01 mg / L

BOD2=
( DO0−DO1 )−(B0−B1)× f

P
=

(8.65−5.56 )−(8.75−8.52)×(0.97)

0.0333333333 mL
=86.03 mg / L

BOD3=
( DO0−DO1 )−(B0−B1)× f

P
=

(8.65−4.12 )−(8.75−8.40)×(0.97)

0.0333333333 mL
=125.75 mg / L

BOD4=
( DO0−DO1 )−(B0−B1)× f

P
=

(8.65−2.96 )−(8.75−8.31)×(0.97)

0.0333333333 mL
=157.94 mg /L

BOD5=
( DO0−DO1 )−(B0−B1)× f

P
=

(8.65−1.99 )−(8.75−8.22)×(0.97)

0.0333333333 mL
=184.43 mg /L

BOD6=
( DO0−DO1 )−(B0−B1)×f

P
=

(8.65−2.46 )−(8.75−8.16)×(0.97)
0.0333333333 mL

=216.29 mg / L

LINEAR LEAST SQUARE METHOD

Influent

  y y^2 y' y*y'

0 0 - - -

1 40.01 1600.8 43.015 1721.03

2 86.03
7401.16

1 42.87
3688.10

6

3 125.75
15813.0

6 35.955
4521.34

1

4 157.94
24945.0

4 29.34 4633.96

5 184.43
34014.4

2 29.175
5380.74

5

6 216.29
46781.3

6 - -

Sum 594.16
83774.4

9 180.355
19945.1

8

*The sum of values are from n=1 to 5

n (a )+b∑ y−∑ y '=0                                                      (1)                    
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(a)∑ y+(b)∑ y2
−∑ y ' ∙ y=0                                                  (2)

From Equation (1)

5 (a )+594.16 (b)−18 0 . 355=0

From Equation (2)

594.16(a)+83,774.49(b)−19,945 . 18=0                                                  (2)

Applying algebraic expression and substituting (1) into (2), a and b yields

a=49 . 4867

b=−0.112897

Next, BODUltimate is given by 

BODu=
−a
b

=
−49.4867

(−0.112897 )
=438.335mg /L

And the constant k is given by

k=−b=−0.112897

THOMAS METHOD

Thoma
s

Metho
d

Influen
t

Time, d BODt

(t/
BODt)

1/3

0 0 -

1 40.01
0.292377

4

2 86.03 0.285404

3 125.75
0.287875

3

4 157.94
0.293667

5

5 184.43
0.300408

9

6 216.29 0.302718

8



0 1 2 3 4 5 6 7
0.26

0.28

0.3

0.32

f(x) = 0 x + 0.28

Chart Title

Time, d

(t
/B

O
D

t)
1/

3 

The Thomas Method equation is given by

(
t

BOD t
)

1 /3

=
1

k BODu
−1/3 +

(k )
2 /3

6 (BODu )
1/3 t                                                        (1)

Where slope and intercept is defined by,

Slope=
(k )

2 /3

6 (BODu )
1/3 t=0.0029=b

Intercept=
1

k BODu
−1 /3

=0.2835=a

By direct substitution of the above variables,

k=6 ×
b
a
=6×

0.0029
0.2835

=0.01023 d−1

Finally the ultimate biochemical oxygen demand is given by

BODu=
1

6 (a )
2
(b)

=
1

6 (0 . 2835 )
2
(0.0029)

=715.06 mg / L

FUJIMOTO METHOD

9



Fujimoto Table

Time, d BODt BODt+1

0 0 40.01

1 40.01 86.03

2 86.03 125.75

3 125.75 157.94

4 157.94 184.43

5 184.43 216.29

0 50 100 150 200 250 300
0

50

100

150

200

250

300

f(x) = x

f(x) = 0.92 x + 44.2

Fujimoto Graph (Influent)

Axis Title

A
xi

s 
T

it
le

  

Note: The Intersecting points of the above graph given by the below graph fit for the 
intersecting point.
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To find the Intersecting line, set the two equations equal then solve

y=.9177 x+44.199 and y=x

Such that the intersecting BOD value is BODu=525mg / L

Next, substituting into the below equation gives

y t=BODu(1−e−t∗k
)

Where at t = 5

y5=525 (1−e−5∗k )=184.43

Where 

k=0.08655 d−1

EFFLUENT

11



Given: 

V s=125 mL

P=
1 25 mL

300
=0.4166666667

f =1−P=0.5833333333

BOD1=
( DO0−DO1 )−(B0−B1)× f

P
=

(8.71−7.52 )−(8.75−8.64)×(0.58)

0.4166666667 mL
=2.702mg / L

BOD2=
( DO0−DO1 )−(B0−B1)× f

P
=

(8.71−6.43 )−(8.75−8.52)×(0.58)

0.4166666667 mL
=5.15mg / L

BOD3=
( DO0−DO1 )−(B0−B1)× f

P
=

(8.71−5.22 )−(8.75−8.40)×(0.58)

0.4166666667 mL
=7.886 mg / L

BOD4=
( DO0−DO1 )−(B0−B1)× f

P
=

(8.71−4.16 )−(8.75−8.31)×(0.58)

0.4166666667 mL
=10.304 mg /L

BOD5=
( DO0−DO1 )−(B0−B1)× f

P
=

(8.71−3.32 )−(8.75−8.22)×(0.58)
0.41666666673mL

=12.194 mg /L

BOD6=
( DO0−DO1 )−(B0−B1)×f

P
=

(8.71−2.46 )−(8.75−8.16)×(0.58)

0.4166666667 mL
=14.174 mg / L

LINEAR LEAST SQUARE METHOD

Effluent

  y y^2 y' y*y'

0 0 - - -

1 2.702
7.30080

4 2.575 6.95765

2 5.15 26.5225 2.592 13.3488

3 7.886 62.189 2.577
20.3222

2

4 10.304
106.172

4 2.154
22.1948

2

5 12.194
148.693

6 1.935
23.5953

9

6 14.174
200.902

3 - -

Sum 38.236 350.878 11.833 86.4188

12



4 8

*The sum of values are from n=1 to 5

n (a )+b∑ y−∑ y '=0                                                      (1)                    

(a)∑ y+(b)∑ y2
−∑ y ' ∙ y=0                                                  (2)

From Equation (1)

5 (a )+38.236 (b)−11.833=0

From Equation (2)

38.236(a)+350.8784 (b)−86.4188=0                                                  (2)

Applying algebraic expression and substituting (1) into (2), a and b yields

a=2.89889

b=−0.0696052

Next, BODUltimate is given by 

BODu=
−a
b

=
−2.89889

(−0.0696052 )
=41 .648 mg / L

And the constant k is given by

k=−b=0.0696052

THOMAS METHOD

Effluen
t

Time, d BODt

(t/
BODt)

1/3

0 0 -

1 2.702
0.717967

7

2 5.15
0.729582

2

3 7.886 0.724583

4 10.304
0.729487

8
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5 12.194
0.742918

7

6 14.174
0.750849
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The Thomas Method equation is given by

(
t

BOD t
)

1 /3

=
1

k BODu
−1/3 +

(k )
2 /3

6 (BODu )
1/3 t                                                        (1)

Where slope and intercept is defined by,

Slope=
(k )

2 /3

6 (BODu )
1/3 t=0.006=b

Intercept=
1

k BODu
−1 /3

=0.7116=a

By direct substitution of the above variables,

k=6 ×
b
a
=6×

0.006
0.7116

=0.00843 d−1

Finally the ultimate biochemical oxygen demand is given by

BODu=
1

6 (a )
2
(b)

=
1

6 (0.7116 )
2
(0.006)

=54.856 mg / L

14



FUJIMOTO METHOD

Fujimoto Table

Time, 
d

BODt BODt+1

0 0 2.702
1 2.702 5.15
2 5.15 7.886
3 7.886 10.304
4 10.304 12.194
5 12.194 14.174

0 2 4 6 8 10 12 14 16 18
0

2
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8

10

12

14

16

18

f(x) = x

f(x) = NaN x + NaN

Fujimoto Graph (Effluent)

BODt+1, mg/L

B
O

D
t 

Note: The Intersecting points of the above graph given by the below graph fit for the 
intersecting point.
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To find the Intersecting line set the two equations equal then solve

y=.9353 x+2.7745 and y=x

Where BODu=43 mg / L

Next, substituting into the below equation gives

y t=BOD u(1−e−5∗k
)

Where at t = 5

y5=43 (1−e−5∗k )=12.194

Where 

k=0.06669 d−1

16
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Water has three distinct types of characteristics- physical, chemical, and biological. The focus of 

this particular experiment is the chemical characteristics of water like pH, acidity, alkalinity, and 

hardness. The main objective of the experiment is to determine all these characteristics for four 

different samples of water that include river water, lake water, groundwater from two separate 

locations. All these characteristics are related to each other. The pH of a water sample signifies 

the concentration of hydrogen ions, which if less, it means that water is alkaline and if the 

concentration is high, the water is acidic. Both acidity and alkalinity are pH dependent. Also, the 

part of hardness that is associate with alkalinity is called carbonate hardness. The alkalinity of 

water cannot be higher than the total hardness. These characteristics are mainly determined to 

see their effect on water and the to see if water is suitable for drinking, which is the primary 

purpose of water.  

A pH and conductivity meter is used to determine the pH of the water sample. The probe, which 

is attached to the meter is immersed in the sample water to take the reading for pH. The other 

three characteristics are determined utilizing the titration technique. To determine hardness, 

water sample is titrated with ethylenediaminetetraacetic acid (EDTA,) to determine alkalinity, 

the water sample is titrated with a strong acid, and to determine the acidity, the water sample if 

titrated with a standard base. The unit for concentration of acidity, alkalinity, and hardness is 

mg/L as CaCO3. 

It was found that the river, lake water, PVAMU groundwater, and groundwater from Millican 

water have a pH value of 6.985, 7.565, 7.655, and 6.37, respectively. Similarly, the total 

hardness for river water, lake water, PVAMU groundwater, and groundwater from Milican are 

247.95 mg/L as CaCO3, 188.1 mg/L as CaCO3, 153.9 mg/L as CaCO3, and 62.85 mg/L as 

CaCO3, respectively. The higher the pH, the higher the alkalinity and the lower the pH, the 

lower the acidity of the water gets. It was concluded that if, just the pH characteristic of the water 



was taken into account, then form that perspective, all the water sample qualifies as drinking 

sources. Also, it was established that the hardness of the water should not be a health concern for 

people, but more of an inconvenience. 

 

I. Introduction 

People generally expect water to be both safe to drink and esthetically pleasing. They 

expect water to be both palatable and potable. Palatable water is water that doesn’t have any taste 

or any odor. It is also pleasant to drink. Water which is essentially free of chemicals, 

microorganisms, and other contaminants, and is safe to drink is called potable.[1] Chemical 

characteristics of water includes determine parameters such as pH, alkalinity, hardness, and 

acidity of water. 

pH is the negative log of hydrogen ion concentration. In layman terms, if the concentration 

of hydrogen ion is high, the pH value will be low, however if the concentration of hydrogen ion 

is low, the pH will be high. In this experiment, pH is measure using a pH meter. However, here 

are other ways to determine pH values, like with the help of indicators and colors. The pH is 

measure on a scale of 0 to 14, with 14 being the most basic and 0 being the most acidic. A value 

of 7 denotes neutral. So, for example, if a water sample has a value of pH that is less than 7, that 

water will be acidic and if it has a pH value of more than 7, the water will be alkaline. 

This tells how pH is related to both acidity and alkalinity, which means both these 

characteristics are pH dependent. Acidity is the capacity of water to neutralize a base. A base is 

the one that releases OH+ and accepts H+ ions. Acidity for most waters is usually zero. It is 

measured by titrating water with a standard base, like NaOH, to raise the pH. On the other hand, 

alkalinity is defined as the capacity of water to neutralize an acid. An acid is the one that releases 

H+ ions. Alkalinity is measured by titrating the water sample with a strong acid to lower pH. Its 
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main constituents are hydroxyl, carbonate, and bicarbonate. However, bicarbonate generally 

accounts for most of the alkalinity. Alkalinity is also related to hardness. 

There are two types of hardness- carbonate and non-carbonate hardness. The former is 

called temporary hardness and is the portion of hardness that is associated with alkalinity, which 

is carbonate and bicarbonate. Temporary hardness and be removed by heating too. The 

remaining is called permanent or non-carbonate hardness. It is associated with other ions like Cl- 

and SO4
-. It is also measured by titrating it with EDTA, Ethylenediaminetetraacetic acid. 

Hardness is mainly due to calcium (Ca2+) and magnesium (Mg2+), but all ions a charge of 2 or 

higher contribute to hardness. 

In this experiment, of 4 different samples of water will be tested and determined. These 4 

different samples of water include a sample of river water, a sample of lake water, a sample of 

PVAMU tap water (groundwater,) and one sample of groundwater. The river water sample was 

collected from the Brazos River in Houston, Texas; the lake water was collected from the Joe 

pool lake in Arlington, Texas; the tap water was from Prairie View A&M University; and the 

groundwater was from Millican, Texas. The water samples were collected in big, one-gallon 

bottles. It was made sure that while collecting the river and lake samples, the cap on the bottles is 

replaced while the mouth of the bottle is still underwater. This measure was taken to protect the 

samples from contamination as if it comes out, they will get in contact with the air and get 

contaminated.  

To be safe and suitable for use, water should be free from all impurities and must meet all 

parameters set by the Environmental protection agency. Therefore, in this experiment, the 

chemical characteristics of water will be determined for the above-mentioned water samples. 

 

II. Objectives 



The purpose is to determine the chemical properties of water, which include pH, alkalinity, 

hardness, and acidity of four different samples of water, which include river water, lake water, 

Prairie View A&M groundwater, and groundwater from Millican, Texas to check the suitability 

of water as a drinking source. A pH & conductivity meter was used, and the technique of 

titration was utilized. 

 

III. Experimental Methods 

EQUIPMENT REQUIRED: 

• pH meter 

• Water samples 

• Graduated cylinder 

• Test tubes 

• Beakers 

• Burette 

• Titrants for Acidity, Alkalinity, and Hardness 

• Phenolphthalein indicator 

 

 

DESCRIPTION OF PROCEDURE (The laboratory handouts were referred) 

PH TEST FOR WATER SAMPLES 

1. Rinse a beaker with distilled water and repeat the process for the pH probe. 

2. Take a decent amount of water sample in the beaker 

3. Using a pH and conductivity meter, immerse the probe into the beaker. Make sure to not 

touch the bottom nor the walls of the beaker. 



4. Repeat the process one more time. 

5. Safely discard all the water as per the instructions and clean up. 

HARDNESS TEST FOR WATER SAMPLES 

1. Take a beaker and rinse with distilled water.  

2. Take some amount of water sample in a beaker. 

3. To determine hardness, it must be titrated with Ethylenediaminetetraacetic acid 

4. So, add the EDTA titrant to the solution, using a burette. A few drops of this will turn the 

solution from wine red to blue. 

5. Count these number of drops and note it as first reading of hardness. Repeat the process 

twice. 

6. Safely discard all the water as per the instructions and clean up. 

 

ALKALINITY TEST FOR WATER SAMPLES 

1. To calculate alkalinity, the water sample must be titrated with an acid and an indicator 

must be used. 

2. Rinse a beaker with distilled water and pour some amount of water sample into it. 

3. In this case, the indicator is phenolphthalein. Add the indicator to the beaker. 

4. Titrate the water sample till the last drop of titrant causes the solution to change color to 

light pink. 

5. Observe the number of drops and record it. 

6. Safely discard all the water as per the instructions and clean up. 

 

ACIDITY TEST FOR WATER SAMPLES 

1. Prepare NaOH titrant. 



2.  Rinse a beaker with distilled water and take some water sample in it. Add the indicator to 

the sample. 

3. Titrate it with NaOH till it changes color to light pink. 

4. Observe and number of drops of titrant used to change the color. 

5. Safely discard all the water as per the instructions and clean up. 

 

  



IV. Results & Discussion  

RESULTS: 

Table 1: Reflects the pH Test Results: 

Water Sample 

Average 

pH 

River Water 6.985 

Lake Water 7.565 

PVAMU Groundwater 7.655 

Groundwater 6.37 

 

Table 2: Reflects Hardness Test Results: 

Water Sample 

Average  

Hardness 

(mg/L as CaCO3) 

River Water 247.95 

Lake Water 188.1 

PVAMU Groundwater 153.9 

Groundwater 62.85 

 

 

 

Table 3: Reflects the Alkalinity Test Results: 
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Water Sample Average Alkalinity 

 (mg/L as CaCO3) 

River Water 1155 

Lake Water 385 

PVAMU Groundwater 962.5 

Groundwater 385 

 

 

Table 4: Reflects the Acidity Test Results: 

Water Sample 

Average 

Acidity 

(mg/L as CaCO3) 

River Water 
0.0337 

Lake Water 
0.1641 

PVAMU Groundwater 
0.0550 

Groundwater 
0.0456 

 

 
 
DISCUSSION: 



Tables 1, 2, 3, and 4 depict the results for pH, hardness, Alkalinity, and Acidity of water. 

As it can be seen that the pH for river water and lake water is 6.985 and 7.655. for both are 

groundwater samples, the pH values were 7.655 and 6.37. Usually, the pH for natural waters in 

United States is between the range of 6.5 to 8.5, with around 7.4 being the optimum value for 

pH.[2] In addition, pure water must have a pH value of 7 and neutral because it has neither acidic, 

nor basic qualities, and the pH of groundwater normally ranges from around 6 to 8.5. Over the 

few years, people have started following the trend of drinking alkaline water, which has pH of 

around 7 to 9, and so, drinking water with a pH slightly greater than 7, is not unsafe, rather has 

shown to improve overall health and slow ageing.[3] The alkalinity of river water, lake water, 

PVAMU groundwater and groundwater is 1155, 385, 962.5, 385 mg/L as CaCO3 and acidity is 

0.0337, 0.1641, 0.0550, and 0.0456 mg/L as CaCO3. 

Nonetheless, the pH levels that are not neutral, meaning are either less or more than 7 can 

cause high concentrations of metals for which there are specific standards/parameters set by the 

EPA. And so, to control that there is SMCL, Secondary Maximum Contaminant level, according 

to which, the pH of drinking water must be between 6.5 to 8.5.[4] 

The hardness for river water, lake water, PVAMU groundwater and groundwater is 247.95 

mg/L as CaCO3, 188.1 mg/L as CaCO3, 153.9 mg/L as CaCO3, and 62.85 mg/L as CaCO3. This 

characteristic of water does not necessarily be a concern for health and may not have a particular 

health standard, but it can be inconvenience. Hard water contains mainly calcium and 

magnesium, which easily precipitate and interact with soap to become scum, which is quite 

difficult to remove and is bothersome. Hard water can also lead to formation of scales in pipes, 

heaters, etc. Hardness value of than 1 gpg is considered soft and around 7 to 10.5 gpg is regarded 

as hard. Hardness value of 10.5 gpg and higher is considered very hard   So, it can be seen that 

the river water had the most amount hardness, almost 14.5 gpg, which indicates that the water is 



very hard. Groundwater from Milican had the least amount of hardness, around 3.5 gpg, but it is 

still considered slightly hard.  

 

V. Conclusion & Recommendation  

The experiment was to determine the pH, acidity, hardness, and alkalinity of river water, 

lake water, and groundwater from Prairie View and Melian, to check the quality of water source 

and to determine the suitability of water as a drinking water source. It was found that the river, 

lake water, PVAMU groundwater, and groundwater water have a pH of 6.985, 7.655, 7.655, and 

6.37, respectively. According to Secondary Maximum Contaminant level, the pH of drinking 

water must be between 6.5 to 8.5.[4] Since the pH values of all these sample are in range 

according to the standards set by EPA, all these are presumably safe to drink, but only from the 

pH point of view. The alkalinity of river water, lake water, PVAMU groundwater and 

groundwater is 1155, 385, 962.5, 385 mg/L as CaCO3 and acidity is 0.0337, 0.1641, 0.0550, and 

0.0456 mg/L as CaCO3. It was determined that the river water had the most amount of hardness 

present and the groundwater from Melian had the least amount of hardness. It was also 

established that hardness does not have a health safety standard, but it can affect people in other 

troublesome ways. Overall, the experiment was successful, and all the objectives of the 

experiment were met. 
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VII. Appendix 

LABORATORY DATA: 

Table 5: Reflects the pH Test Data collected in the Laboratory: 

Water Sample 
Trial 1 

pH 

Trial 2 

pH 

Average 

pH 

River Water 6.97 7.00 6.985 

Lake Water 7.52 7.61 7.565 

PVAMU Groundwater 7.74 7.57 7.655 

Groundwater 6.23 6.51 6.37 

 

SAMPLE CALCULATION FOR pH (RIVER WATER): 

Average pH =
𝑇𝑟𝑖𝑎𝑙 1 𝑝𝐻 + 𝑇𝑟𝑖𝑎𝑙 2 𝑝𝐻

2
=

6.97+7

2
= 𝟔. 𝟗𝟖𝟓 

 

Table 6: Reflects the Hardness Test Data Calculations: 

Water Sample 

Trial 1 

Hardness 

(gpg) 

Trial 1 

Hardness 

(mg/L as 

CaCO3 ) 

Trial 2 

Hardness 

(gpg) 

Trial 2 

Hardness 

(mg/L as 

CaCO3) 

Average  

Hardness 

(mg/L as 

CaCO3) 

River Water 15 256.5 14 239.4 247.95 

Lake Water 12 205.2 10 171 188.1 

PVAMU Groundwater 8 136.8 10 171 153.9 

Groundwater 3 57.3 4 68.4 62.85 

 

SAMPLE CALCULATION FOR HARDNESS (RIVER WATER): 



Hardness in mg/L = 𝐻𝑎𝑟𝑑𝑛𝑒𝑠𝑠 𝑖𝑛 𝑔𝑟𝑎𝑖𝑛𝑠 𝑝𝑒𝑟 𝑔𝑎𝑙𝑙𝑜𝑛 (𝑔𝑝𝑔) × 17.1 = 𝟐𝟓𝟔. 𝟓
𝒎𝒈

𝑳
𝒂𝒔 𝑪𝒂𝑪𝑶𝟑 

Average Hardness =
𝑇𝑟𝑖𝑎𝑙 1 ℎ𝑎𝑟𝑑𝑛𝑒𝑠𝑠 + 𝑇𝑟𝑖𝑎𝑙 2 ℎ𝑎𝑟𝑑𝑛𝑒𝑠𝑠

2
=

256.5+239.4

2
= 𝟐𝟒𝟕. 𝟗𝟓 

𝒎𝒈

𝑳
𝒂𝒔 𝑪𝒂𝑪𝑶𝟑 

 
 

Table 7: Reflects the Alkalinity Test Data collected in the Laboratory: 
 

Water Sample 
Trial 1 

Alkalinity 
Trial 2 

Alkalinity 
Average 

Alkalinity 

 Drops 
gpg 

as CaCO3 
mg/L as 
CaCO3 

Drops 
gpg as 
CaCO3 

mg/L as 
CaCO3 

(mg/L as 
CaCO3) 

River Water 3 68 1155 3 68 1155 1155 

Lake Water 1 23 385 1 23 385 385 

PVAMU 
Groundwater 

3 68 1155 2 45 770 962.5 

Groundwater 1 23 385 1 23 385 385 

 
 

 

 

 

 

SAMPLE CALCULATION FOR SUSPENDED SOLIDS (RIVER WATER): 



The following table 7.1, form the handout provided in the laboratory was referred for Alkalinity 

values in gpg and mg/L as CaCO3 

Table 7.1: Reflects the concentration in gpg and mg/L: 
 

 

 

Average Alkalinity =
𝑇𝑟𝑖𝑎𝑙 1 𝐴𝑙𝑘𝑎𝑙𝑖𝑛𝑖𝑡𝑦 + 𝑇𝑟𝑖𝑎𝑙 2 𝐴𝑙𝑘𝑎𝑙𝑖𝑛𝑖𝑡𝑦

2
=

1155+1155

2
= 𝟏𝟏𝟓𝟓 

𝒎𝒈

𝑳
𝒂𝒔 𝑪𝒂𝑪𝑶𝟑 

 

 

 

 

 

 

Table 8: Reflects the Acidity Test Data Calculations: 
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Water Sample 

Trial 1 

Acidity 

(mg/L as CaCO3 ) 

Trial 2 

Acidity 

(mg/L as CaCO3 ) 

Average 

Acidity 

(mg/L as CaCO3) 

River Water 0 0.0675 
0.0337 

Lake Water 0 0.32815 
0.1641 

PVAMU Groundwater 0 0.11 
0.0550 

Groundwater 0 0.09125 
0.0456 

 

 

SAMPLE CALCULATION FOR DISSOLVED SOLIDS (RIVER WATER): 

Average Acidity =
𝑇𝑟𝑖𝑎𝑙 1 𝑎𝑐𝑖𝑑𝑖𝑡𝑦 + 𝑇𝑟𝑖𝑎𝑙 2 𝑎𝑐𝑖𝑑𝑖𝑡𝑦

2
=

0+0.0675

2
= 𝟎. 𝟎𝟑𝟑𝟕 

𝒎𝒈

𝑳
𝒂𝒔 𝑪𝒂𝑪𝑶𝟑 
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Abstract
The Chemical Oxygen Demand (COD) experiment aimed to determine the chemical

oxygen demand of three different water samples, river water, lake water, wastewater effluent,
and a standard solution, and to determine if the samples were suitable for drinking water
purposes. Within Environmental Engineering, it is necessary to understand and determine the
quality of representative water and wastewater samples. This is essential as water and wastewater
quality can negatively impact a community and environment if toxins or pathogenic
microorganisms are present (Davis et al., 2004). One characteristic used to determine quality is
biological characteristics. This experiment was completed by utilizing a standard testing
procedure provided by HACH. The results for chemical oxygen demand were as follows: 797.5
mg/L, 23 mg/L, 32 mg/L, and 13 mg/L for the standard solution, lake water, river water, and
wastewater effluent, respectively. The expected COD value for unpolluted waters is 20 mg/L or
less (S.K. Jain et al., 2003). River water and lake water were deemed inadequate drinking water
sources and would require the proper removal of microbes to reach acceptable COD values.
Wastewater effluent was deemed an acceptable drinking water source as it held COD readings
under 20 mg/L. The percentage error for the standard solution was 0.3125% when compared to
the expected value. This percentage reflected that the experiment was ultimately conducted
correctly, and theoretically, the results obtained were accurate. Recommendations include
conducting the experiment in triplicates instead of duplicates and utilizing a separate method to
determine water quality due to the limitations of the COD method.

Keywords: Chemical oxygen demand, wastewater, water quality

1. Introduction
Within Environmental Engineering, it is necessary to understand and determine the quality of
representative water and wastewater samples. This is essential as water and wastewater quality
can impact a community and environment either negatively or positively. Civil Engineers who
work to clean and distribute water for consumption are tasked with purifying the water and
distributing the water into designated communities. Engineers who work with wastewater are
tasked with cleansing water and redistributing the water into the designated water body.
Although both water samples have different purposes, they are distinguished by their quality.

Since both water and wastewater are made of organic and inorganic compounds, engineers
cannot distinguish each component in the required time. Thus the sample is analyzed to
determine the toxic elements present—this aids in understanding how each water sample should
be treated to remove the component(s). Given that the purification process is essential, engineers
use physical, chemical, and biological characteristics to determine the quality of a water sample.
Biological characteristics were observed in this laboratory: Chemical oxygen demand (COD).



Chemical oxygen demand is an indirect measurement of organic matter, as COD measures the
quantity of dissolved oxygen within the water sample (S.K. Jain et al., 2003). As the engineers
process various water samples, organic matter contents are present within each sample. This
organic matter is made of multiple components, including many microbes. Microbes consume
the organic matter and oxygen within the water sample to produce cells or energy. Too many
microbes will cause the oxygen content in the water to deplete. This can cause aquatic life that
requires oxygen to survive to suffer and eventually die off. COD is also an adequate method of
measuring dissolved oxygen in the absence of oxygen. This is completed as an oxidizing
chemical, potassium dichromate, is consumed by the sample in place of the oxygen.

Chemical oxygen demand was chosen to determine the quality of the water/wastewater samples.
This method can provide an accurate and quick means to determine the water quality in the
absence and presence of oxygen. Thus, this study aimed to determine the chemical oxygen
demand of three different water samples, river water, lake water, wastewater, and a standard
solution, and to determine the suitability of each sample as a potential drinking water source.

1.1 Objective
The primary objective of the chemical oxygen demand experiment was to determine the
chemical oxygen demand of three different water samples, river water, lake water, wastewater,
and a standard solution. The secondary objective was to determine the suitability of each water
sample as a potential drinking water source from the experimental data.

2. Materials and Methods

2.1 Materials/Apparatus:
1. Dissolved Oxygen, DO, Meter
2. HACH COD Standard Solution
3. DRB 3900 Spectrometer Machine
4. HACH COD Reactor
5. 200 mL Beaker
6. Deionized Water
7. Pipette

2.2 Experimental Procedure
Materials were initially prepared by cleaning and rinsing with distilled water. The river water
was obtained from the Brazos River in Navasota, Texas. The lake water sample was obtained
from Joe Pool Lake in Arlington, Texas. The wastewater effluent sample was obtained from the
Prairie View A&M University wastewater treatment plant. The standard solution was obtained
from HACH COD standard testing kit. All samples were transferred to a clean, gallon container
from the water body. Each water sample was prepared by inversely shaking the sample container



to encourage uniformity before conducting each test. All materials and water samples were
disposed of as directed.

3. Results and Discussion

Table 1.1: Chemical Oxygen Demand results is the tabular representation of experimental data showing
the COD results obtained from experimental data.

The chemical oxygen demand readings were as follows: 797.5 mg/L, 23 mg/L, 32 mg/L, and 13
mg/L for the standard solution, lake water, river water, and wastewater effluent. The standard
solution readings provided from the HACH COD testing kit were 800 mg/L.

A study conducted by S.K. Jain and V.P. Singh analyzed various ways to quantify and model
water quality. It was determined that a COD reading of 20 mg/L or less was a standard value for
unpolluted waters (S.K. Jain et al., 2003). The river water and lake water both held readings over
20 mg/L. Initially, the wastewater effluent readings were negative, reflecting an error conducted
in the experiment. Thus, the quality of lake water was unable to be determined at first. After
repeating the experiment, the wastewater effluent readings were under 20 mg/L. The standard
solution reading was close to the expected value provided from the HACH testing kit of 800
mg/L.

Both lake water and river water samples were deemed unacceptable for consumption purposes
based on the standard COD values from the previously discussed research article. Wastewater
effluent was deemed acceptable as its COD reading was under the COD value of unpolluted
waters. It can be hypothesized that the low COD reading for the wastewater effluent sample is
because the liquid was treated correctly in the wastewater treatment plant. This means the
treatment used is adequate in removing organic matter. The standard solution reading held a
percentage error of 0.3125%. As this error was within the acceptable range of +- 5%, it was
determined that the overall experiment was conducted correctly.

4. Sources of Error
There were numerous errors presented throughout the experiment. One primary error analyzed
was a personal error. As each experiment was conducted, results may not have been very



accurate, even though duplicates were performed. This could be due to inexperience within the
laboratory. This error is reflected within the initial lake water sample readings, as the readings
were negative. This reflected that the experiment was conducted incorrectly for this water
sample.

5. Conclusion and Recommendation
The Chemical Oxygen Demand, COD, experiment was conducted to determine the chemical
oxygen demand of three different water samples, river water, lake water, wastewater effluent,
and a standard solution. River water and wastewater were deemed inadequate drinking water
sources and would require the proper removal of microbes to reach acceptable COD values.
Initially, the analysis of the lake water sample was inconclusive due to its negative readings.
These readings reflected the errors conducted in the experiment. After repeating this experiment,
wastewater effluent was deemed acceptable as its COD reading was under the COD value of
unpolluted waters. The percentage error for the standard solution was within the acceptable
range, indicating that the experiment was ultimately conducted correctly. Recommendations
include completing the experiment in triplicates, as this is the standard method when completing
experiments. Recommendations also include considering a separate test to identify the quality of
water samples as COD is limited to only determining the material present. This method cannot
determine the organic and inorganic content separately and cannot be used to determine the total
organic carbon (S.K. Jain et al., 2003).
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Appendix A:

Table 1.1: Complete COD Results is the tabular representation of experimental data showing all of the
COD results obtained from experimental data.

Table 2.1: Percentage Error is the tabular representation of percentage error calculation obtained by
utilizing the COD reading obtained from the standard solution and the standard COD reading provided
from HACH.



Appendix B:

Sample Calculation 1: Finding the Average
Given: X = 1, Y = 2
Average of X and Y is:

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 =  𝑋+𝑌
Σ𝑣𝑎𝑙𝑢𝑒𝑠 𝑢𝑠𝑒𝑑 = 1+2

2 = 1. 5

Sample Calculation 1: Finding the Percentage Error

𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝐸𝑟𝑟𝑜𝑟,  % =  𝑟𝑒𝑎𝑙 𝑣𝑎𝑙𝑢𝑒−𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑣𝑎𝑙𝑢𝑒| |
𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑣𝑎𝑙𝑢𝑒 · 100 = 797.5−800| |

800 · 100 =  0. 3125%
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