
Techno India NJR Institute of Technology 

 

 

 

 

 

Lab Manual 

Basic Civil Engineering Lab (1FY3-27/ 2FY3-27) 

 

Jitendra Choubisa 

Department of Civil Engineering 

 



 

 

 

 

 

 

 

 

 

 

 



Course Overview: Students will learn and understand the Basics of Civil Engineering 

including surveying, transportation, types of buildings, its foundation and environmental 

pollution control. 

 

CO 

No. 
Cognitive Level Course Outcome (LAB) 

1 Create 
To develop a relationship between civil engineering branch to other 

branches. 

2 Evaluate To plan the execution of a construction work. 

3 Analyze 
To relate the reflexes needed for being a civil engineering in comparison 

to other engineering branches. 

4 Apply To solve the problems related site work. 

5 Understand To summarize how levelling works in civil engineering. 

 

Course Outcome Mapping with Program Outcome (LAB): 

Basic Civil Engineering Year of study: 2020-21 

Course Outcome PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO10 PO11 PO12 PSO1 PSO2 PSO3 

CO 1 2 2 2   2          

CO 2    2  2       1   

CO 3 2  2  2        1   

CO 4 2 2   2         1  

CO 5 2 2 2   2   2  2  1 1  

C11FY309 (AVG) 1.6 1.2 1.2 0.4 0.8 0.8   0.4  0.4  0.6 0.4  

1: Slight (Low), 2: Moderate (Medium), 3: Substantial (high) 
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USE OF ELECTRONIC THEODOLITE & TOTAL STATION 
 

OBJECTIVE: Practice surveying work with electronic theodolite and total station 

 

APPARATUS: Peg, Total station, Electronic Theodolite, Prism, Prism rod. 

 

ELECTRONIC THEODOLITE: 

 

 Electronic read out 1” eliminate mistakes and reading the angles.  

 Precision varies from 0.5” – 20” 
 

 Zero is set by a button. 
 

 Repeated angle averaging. 
 

 Replacing optical theodolite (It is less expensive to purchase and maintain).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

Electronic theodolite 
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TOTAL STATION 
 

A total station is an electronic/optical instrument used in modern surveying. 

 
The total station is an electronic theodolite (transit) integrated with an electronic 
distance meter (EDM) to read slope distances from the instrument to a particular point. 
It records all the data digitally and it used later to prepare survey map or plan. It is also 
used to set out the works.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Total Station 
 
 

Survey with Electronic Theodolite & Total station 

 

1. Set out simple circular curve with help of electronic theodolite. 

2. Carry out traverse survey with help of Total station. 
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𝐀𝐢𝐦 𝐨𝐟 𝐭𝐡𝐞 𝐞𝐱𝐩𝐞𝐫𝐢𝐦𝐞𝐧𝐭:  To determine the pH value of the given samples of Water 

𝐀𝐩𝐩𝐚𝐫𝐚𝐭𝐮𝐬 𝐫𝐞𝐪𝐮𝐢𝐫𝐞𝐝:  

1. Test tube  

2. Beaker  

3. Electrometric apparatus 

 

𝐓𝐡𝐞𝐨𝐫𝐲: 

pH is the term used universally to express the intensity the acidity and alkalinity  of a solution. It is a way 

expressing hydrogen ion concentration or more precisely hydrogen in activity.  pH is the negative logarithm of 

hydrogen ion concentration to base 10. 

 

pH = -log10 [H +] 

 

-Higher pH value means lower H+ ion concentration. 

- Entire concentration of H + ions does not correspond to the measurement of pH due to ionic interaction among 

themselves. Measurement of pH of water relates only to the active portion of the H+ ion concentration .Water is 

a poor electrolyte and only a small portion of it dissociates as  

   

  H2O H+ +OH- 

- According to the law of mass action of physical chemistry ionization constant k at equilibrium 

  Is given by  

    K=[H +][OH -] /H2O 

    

- At 25°c value of k is l.82 * 10 -16 and density of water is 0.997 gm/cm 3. 

- Molar concentration of water in 1 liter = 997/18 = 55.39 

Moles/Liter [H +][OH -] =k[H2O]= 1.82*10-16 *55.39 

    =1.0*10-14 



 

-In pure water the concentration of H+ ion and OH- ion are equal or [H+] = [OH-]=10-7 moles/liter i.e.  

Concentration of H+ or OH- per litre of pure water is 1/107 moles. 

-But this figure inconvenient for use. Therefore, logarithm of its reciprocal is used for indicating the pH value 

accordingly, pH of neutral water 

  Log10 (1/[H+])=7 

 

- When the pH value is in between 0 to 7, water is acidic and when the pH value is in between 7to 14, water is 

alkaline 

 

Significance:- 

1. In the coagulation process, chemicals used have higher efficiencies within a certain pH value range. 

Hence determination and adjustment of pH is very important for effective and economic coagulation. 

2. In corrosion control, the pH of water should be maintained at appropriate level as water                                                                                                

of low pH is highly corrosive and damages the pipe lines and valves etc. 

3. In disinfection of water by excessive line treatment. 

4. In water softening process by lime soda. 

5. In sewage and industrial waste treatment employing biological treatment: 

6. The portability of water also depends on pH value 

 

Determination pH by electrometric method:- 

 Principle:- 

 The basic principle of electrometric pH measurement is determination of the activity of the hydrogen ion by 

potentiometric measurement using a standard hydrogen electrode and a reference electrode. It consists of 

potentiometer, glass, electrode, a reference electrode and a temperature compensating device to complete pH 

meter. 

 

Procedure:- 

 

1. Before use the electrode was rinsed blot and dried using a soft tissue paper. 

2. The instrument was cal liberated with standard buffer solution (7.0 pH). 

3. Then the electrode was removed from standard solution to rinsed blot and dry. 

4. The electrode was dipped in the sample whose pH was to be measured. 

5. The sample was stirred to ensure homogeneity and to minimize CO2 entrainment. 

6. Finally pH was noted from the reading of the pH meter. 

 

Tabulation:- 

     (pH of the samples are noted at 29.10c) 

SL.NO Name of the sample         Source     Ph 

 01 Sample-1   Industrial Water  6.78 



 

 02 Sample-2   Drainage Water  7.13 

 03 Sample-3    Muddy Water  6.75 

 04 Sample-4     Tap Water  7.67 

 

Result:- 

 The pH of laboratory waste was found out to be 6.78 for industrial water, 7.13 for drainage water, 6.75 for 

muddy water and 7. 67 for tap water at temperature 29.10c 

 

Discussion: 

1) Is pH of water affected by rise in temperature? 

Ans) Temperature plays a significant role on pH measurement. As the temperature rises molecular vibration 

increases, which result in the ability of water to ionize and form hydrogen ions in the ability of water to ionize 

and form hydrogen ion . Yes, it does change the pH as a result it drops down. 

2) Define pH. 

Ans) pH is a scale used to specify how acidic or basic a water-based solution .As it is the negative logarithm of 

the hydrogen ion concentration. 

pH = log10 [H
+] 

3) What do you mean by pOH?  

Ans) The ‘p’ means potential and ‘OH’ means hydroxide OH- in the hydrogen ion. pOH is the inverse log of the 

concentration hydroxide in a solution.  

P[OH] = -log10 [OH- ] . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Theory  

Hardness are generally considered to be those water which are required considerable amount of soap to produce 

a foam as lather. Hardness is caused due to the multivalent metallic cations in the solution. The multivalent 

metallic ions are most abundant in natural waters are calcium and magnesium. Other may include in the form of 

fe2+, Sr2+, Mn2+ and Al3+. The latter are found in much smaller quantities than calcium and magnesium and for 

all practicle purposes, hardness may be represented as the sum of the calcium and magnesium ions. 

  

Hardness are classified as carbonate and non-carbonate hardness, depending upon the anions with which it 

associates. The hardness which is equivalent to alkalinity as termed as carbonate hardness, with any remaining 

hardness being called as non-carbonate hardness. The temporary hardness or the water containing carbonates 

and bicarbonates can be simply removed by just adding lime to it or by boiling it. Such hardness is called 

temporary hardness or carbonate hardness. The Sulphates, chlorides and nitrates of calcium and magnesium by 

simple boiling and it requires special treatment for softening such hardness is known as permanent hardness or 

non-carbonate hardness.  

 

Hardness is measured in mg/l of caco3 and depending upon that value, water is classified as follows:-  

Classification of water hardness  

Soft     0-75  

Moderately hard   75-150  

Hard     150-300  

Very hard    >300  

Significance-  

Aim of the experiment: To determine the hardness of the given water samples.

Apparatus Required:

1. Burette,

2. Bottle with stopper and

3. pipette

Chemicals required-

1. Soap Solution (Wanklyn solution)



 

1. Soap consumption by hard water represents an economic loss to the water uses.  

2. The precipitate by hardness and soap adheres to the surface of the tubs, skins and dishwashs may stain 

dishes clothing and other items.  

 

3. Residue of hardness of soap may remain in the pores of the clothes so the skin may feel rough and 

uncomfortable.  

4. Boiler scale, the result of carbonate hardness precipitate may cause considerable economic loss through 

hardness of water heaters and hot water pipes.  

5. Food cooked in hard water become tasteless.  

 

SOAP SOLUTION METHOD:  

1. 50ml of sample water was taken in a bottle.  

2. Wanklyn solution was taken in the burette. It was added to the water sample by 0.5ml at a time.  

3. The combination was shaken vigorously and kept for 5 minutes horizontally on the table. When 

sufficient lather was formed so that the water level is not visible from the top was the end point. The 

difference between the soap solution consumed and lather factor gives the value of the hardness.  

 

Calculation:  

Lather factor=x  

Initial burette reading=a  

final burette reading=b  

so,amount of soap consumed=b-a=c  

subtracting lather factor=c-x=d  

1ml of soap solution = 1mg of calcium carbonate  

d ml of soap solution = d ml of calcium carbonate  

50 ml of water contains d mg of calcium carbonate  

1000ml of water contains = d*1000/50=e mg of calcium carbonate  
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