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UNIT 1 BUILDING MATERIALS & CONSTRUCTION 

CONCRETE TECHNOLOGY 
Cement-Grades, Test, Properties, Aggregates, Concrete, Test On Concrete, Factors 

Affecting Concrete, Water Cement Ratio, Aggregate Cement Ratio, Mix 

Design,Quality Control Of Concrete, Additives In Concrete 

 

CONSTRUCTION MATERIALS 
Stones, Bricks, Cement, Lime, Mortar, Timber, Plastic, Concrete, Steel, Paints And 

Varnishes Bitumen, Mastic Asphalt, Emulsion, Cutback, Stone, Matrix Asphalt, Fly 

Ash, Sustainable Building Materials, Glass, Artificial Materials. 

 

BUILDING PLANNING AND CONSTRUCTION 
Principles Of Building Planning And Design, Building Bylaws, Building Services 

Such As Vertical Transportation, Water Supply, Sanitation, Thermal Ventilation, 

Lighting, Acoustics. Types Of Foundations, Brick And Stone Masonry, Types Of 

Floors, Doors And Windows, Roofs, Finishing Works, Water Proofing, Types Of 

Formwork. 

 

 

ZP SYLLABUS 
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UNIT 5. DESIGN OF REINFORCED CONCRETE 

STRUCTURES  

ZP SYLLABUS 

DESIGN OF REINFORCED CONCRETE 

STRUCTURES (LSM) 

Design Of Slab, Beams, Columns, Footing. 

Water Tanks (WSM). 
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1 BASIC CONCEPT OF RCC 

Basic Indian Standard Codes for Structural 
Design: 

 IS 456: 2000 - Plain and reinforced concrete. 

 IS 875: 1987 (Part-I to V) - Code of practice for design 

loads. 

Part 1: Dead loads  

Part 2: live loads  

Part 3: wing loads  

Part 4: snow loads  

Part 5: special loads and load combinations  

 IS 1893: 2002 - Criteria for earthquake resistant design 

of structures. 

 IS 13920: 1993 - Ductile detailing of RC structure 

subjected to seismic forces. 

Characteristic Strength of Concrete 

 Characteristic strength of concrete is the value of 

strength of concrete below which not more than 5% of 

test results are expected to fail. 

28-day compressive strength
fck fcm

5% area

Characteristics 
Strength

P
ro

b
a
b
ili

ty
 D

e
n
si
ty

1.65σ

 
fig. idealised normal distribution of concrete strength 

Coefficient of variation =
Standard deviation 

Mean strength
 

 The coefficient of variation varies generally in the 

range of 0.01 to 0.02. With higher degree of quality 

control, this variation can be reduced.  

1. Strength of concrete in uniaxial comparison is 

determined by testing a standard cube 150 mm size 

and is loaded till its failure.  

2. The cube specimen is tested after 28 days of casting 

and curing. 

3. As per IS 456: 2000, there should be three specimens 

in a sample. 

4. Individual variation in the strength of cubes should 

not vary by more than ±15% of average strength and 

if the variation is more then the test results are 

discarded. 

Grade of Concrete 

 The grade of concrete is expressed in terms of its 

characteristic compressive strength (of 150 mm cube at 

28 days) expressed in 𝑁/𝑚𝑚2or MPa.  

 Minimum grade of concrete based on exposure 

conditions as per IS: 456 

Exposure Condition Minimum Concrete Grade 

Mild M20 

Moderate M25 

Severe M30 

Very Severe M35 

Extreme M40 

Concrete Mix Design 

Various grades of concrete as per IS 456: 2000:  

Concrete Grade Type of Concrete 

M10 

Ordinary grade concrete M15 

M20 

M25 - M55 Standard grade concrete 

M60 - M100 High Strength concrete 

  The direct tensile strength of concrete is about 7 to 15 

% of the compressive strength of concrete. 

Modulus of Rupture of Concrete:  

 As per IS 456: 2000, it is defined as: 

𝑓𝑐𝑟 = 0.7√𝑓𝑐𝑘 

Poisson's Ratio:  
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 It is the ratio of lateral strain to the longitudinal strain 

under uniform uniaxial stress.  

 For concrete, Poisson's ratio range from 0.1 to 0.3. For 

design purposes, a value of 0.15 or 0.2 is considered. 

The Working Stress Method (WSM) of 
Design: 

 WSM is based on service loads conditions alone. 

 
Factor of
safety

=
Strength of the material

Allowable stress in the material
 

 Modular Ratio =
Stress in steel (fs)

Stress in concrete (fc)
=
Es

Ec
 

The Ultimate Load Method (ULM) of Design 

 The ULM is also called as the load factor method or the 

ultimate strength method.  

 ULM is based on ultimate load conditions alone. 

 Load Factor =
Ultimate or design load 

Working or service load
 

The Limit State Method (LSM) of Design 

 LSM takes into account the safety at ultimate load and 

serviceability at service loads.  

 Limit state of collapse:  

 Flexure 

 Compression/ Tension  

 Shear  

 Torsion 

 Limit state of serviceability:  

 Deflection 

 Excessive vibrations 

 Corrosion 

 Cracking 

IS 456: 2000 Recommendations for LSM of Design 

1. Characteristic Strength and Characteristic Load: 

 Characteristic strength: of a material is that strength 

below which not more than 5% of the test results are 

expected to fall.  

 Concrete grade in RCC = M20 

 RCC in coastal areas = M30 

 Characteristic load: is that load which has the 95% 

probability of not being exceeded during the life time 

of the structure. 

2. Partial safety factor for materials: 

Limit state of collapse Limit state of serviceability 

1. Steel – 1.15 1. Steel – 1.00 

2. Concrete – 1.50 2. Concrete – 1.00 

 

3. Partial safety factor for loads:  

Load 

Combination 

Limit State of 

Collapse 

Limit State of 

Serviceability 

 

1. DL + LL 

2. DL + WL 

or EQ 

3. 

DL+LL+WL 

or EQ 

DL LL/IL WL 

or 

EQ 

DL LL/IL WL 

or 

EQ 

1.5 

1.5 

or 

0.9* 

1.2 

1.5 

- 

1.2 

- 

1.5 

1.2 

1.0 

1.0 

1.0 

1.0 

- 

0.8 

- 

1.0 

0.8 

(*) This value is considered for stability against 

overturning or where there is a possibility of stress 

reversal. 

Design Load = Partical safety factors for load
× Characteristic load  

Design stress-strain curve for concrete:  

 

Design Curve

0.0035

Characteristics Curve0.67 fck

0.44 fck

 

Characteristic and design stress strain curve of concrete 

 Characteristic strength of concrete is taken as 0.67𝒇𝒄𝒌.  

 Design strength of concrete is 0.67𝒇𝒄𝒌/𝜸𝒄.  

 Permissible stress in concrete=
0.67𝑓𝑐𝑘 

1.5
= 0.446𝑓𝑐𝑘 

 For uniformly compressed concrete (as in axially 

loaded columns), the maximum strain in concrete is 

taken as 0.002 or 0.2%.  

 When concrete is subjected to axial compression and 

flexure, then the maximum strain in concrete is limited 

in between 0.002 and 0.0035.  

Design stress strain curve for reinforcing steel:  





 

 

  



 

  



 


