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Syllabus 
• Fundamental behavior of reinforced concrete 
• Introduction to strength design and alternate 

design methods 
• Flexural design of beams (singly reinforced, 

doubly reinforced, T-beams) using strength 
design method 

• Shear, diagonal tension and torsion of beams 
• Bond and anchorage 
• Design of one-way slab 
• Design of two-way edge supported slabs: using 

strip and alternate methods  
 

New 



Books 

• Design of Concrete Structures 

– Nilson, Darwin, Dolan 14th Ed 

• Structural Concrete- Theory and Design 

– Hassoun, Al-Manaseer   4th Ed 

• Reinforced Concrete- Mechanics & Design 

– Wight & McGregor 5th Ed 

 

Many more…….. 



Concrete, Reinforced Concrete (RC), 
Prestressed Concrete (PC) 

• What is concrete? Constituents? 
– Stone like material, cement, coarse and fine aggregate, 

water, admixture 

• A bit of history 
• Advantages, disadvantages 

– Easy to make, relatively low-cost, formabilty, weather and 
fire resistant, good comp strength 

– Weak in tension 

• Reinforced concrete-mild steel 
• Where to place the reinforcement-examples 
• Prestressed concrete 

 
 
 
 



Roman Pantheon, unreinforced concrete 
dome, diameter 43.3m, 25BC, 125AD 





RC Beam 



Structural forms: buildings 

•Beam 

•Column 

•Slab 

 

 

 















Loads 

•Dead load  attached 
•Live load  not attached 
•Environmental load 

•Wind 
•Earthquake 
•Snow, soil pressure, temperature 
 
 

•Building codes- ACI, BNBC, IS, EuroCode 







Wind Load 



Earthquake Loads 



Serviceability, Strength and Structural Safety 

• To serve its purpose, a structure must be safe 
against collapse and serviceable in use 

 

• Strength of the structure be adequate for all 
loads 

 

• Serviceability – deflection small, hairline 
cracks, minimum vibration 



Strength and safety 

• If loads and moments, 
shears, axial force can be 
predicted accurately, 
safety can be ensured by 
providing a carrying 
capacity just barely in 
excess of the known 
demand. 

• Capacity= Demand 



Uncertainty 
• There are a number of sources of uncertainty 

in Analysis, Design and Construction 

• Read 7 points  
– Actual load may differ 

– Actual load distribution may be different 

– Assumption, simplification in analysis  

– Actual structural behaviour may differ 

– Actual member dimensions may differ 

– Reinforcement may not be in proper position 

– Actual material strength may differ 

• Consideration given to consequence of failure 

• Nature of failure is also important 

 



Load  can be considered as random 
variable 

Form of distribution curve 
(probability density function) can be 
determined  from large scale load 
survey 

 

Probability of occurrence 

Area under curve is probability of 
occurrence 

Qd specified service load for design 

Sd  Design strength 

 

 

M is also a random variable 

Beta between 3 and 4 corresponds to 
a probability of failure of 1:100,000 

 

Variability of Loads, 
Strength, safety 



Partial safety factor 

• Strength reduction factor X 
Nominal Strength >  

 Load Factor X  

 Specified Service Load 

 

 

  Why partial factors are 
different 



Concrete 



Steel 



Design Basis 
• Strength Design 

• Load factored-
hypothetical overload 
stage 

• Material stress level 

–  Nonlinear inelastic 

– Concrete fc’ 

– Steel reaches fy 

– Both or one 

• USD 

– Ultimate Strength Design 

 

• Service load design 

• Load unfactored 

– Service load 

 

• Material stress level 

– At allowable stresses 

– Half  of fc’ 

– Half of fy 

• WSD 

– Working Stress Design 



Design Codes and Specifications 

• International Building Code- consensus code 

• American Concrete Institute ACI Code- Building 
Code requirement for Structural Concrete -318-
2008 

• AASHTO- American Association of State Highway 
and Transportation Officials- for bridges 

• American Railway Engineering and Maintenance 
of Way Association –AREMA-Manual of Railway 
Engineering 



Bangladesh National Building Code 

• BNBC 

• First in 1993 

• Up-gradation is in progress 



Safety provision of ACI/BNBC Code  



Load factors 

Probability of overload 1/1000 



Strength reduction factor 

 

Probability of understrength 1/100 



• Probability of Structural failure 

  1/100,000 



Fundamental Assumption for RC Behavior 

1. Equilibrium 

2. Strain in steel=Strain in surrounding concrete 

3. Plane cross section remain plane  

4. Concrete does not resist any tension 

5. The theory is based on the actual stress-
strain relationship of concrete and steel or 
some simplified equivalent. 

 

Read last para 

 



Behaviour of members subject to Axial Loads 

• Fundamental behaviour illustrated 

 

• Axial Compression  

– Economical to make concrete carry most loads 

– Steel reinforcement is always provided 

• Bending may exist 

• Cross section reduced  



RC Column 

Square, tied column 

 Tie 

• Hold longitudinal bar 
during construction 

• Prevent bucking under load 

Circular spirally reinforced 
column 

Spiral 

• same  

• confinement to concrete 

 



fc’=4,000 psi  
fy= 60,000psi 

•Slow loading 
•Fast loading 
•0.85fc’ 



Elastic behaviour 

• Up to fc’/2, concrete behave elastic 

• Also stress and strain proportional 

• Range extends to a strain of 0.0005 

 

• Steel is elastic nearly to yield 60 ksi, strain 0.002 



Hooke’s law 



Valid up to 50 to 60 percent of fc’ 







Inelastic range 



Strength 



Strength  



Nominal strength refers to strength of member 

calculated by accepted analysis methods. It is 

intended to convey that actual strength is bound to 

deviate to some extent from its calculated nominal 

value because of inevitable variations of 

dimensions, material properties and other 

parameters.  Design in all cases is based on this 

nominal strength which represents the best 

available estimate of actual member strength.  

Nominal Strength  



Axial Tension 

• If tension is small, both steel and concrete are 
elastic  

 

 

• Larger load than that cracks concrete 

 

• At steel yields 



Materials 

Chapter 2 



Reinforced Concrete 

• Concrete 

– Cement 

– Aggregate 

• Coarse 

• Fine 

– Water 

– Admixture 



Cement 

• Ordinary Portland Cement-  Type I 

• Chiefly calcium and aluminum silicate 

• CaO-Limestone 

• SiO2 Al2O3 -Clay or shale 

• Ground, blended and fused to clinker in kiln 

• Gypsum is added 

 

• Comes in bag of 50kg 



Cement 

• Water-cement ratio- 0.4 to 0.6 

• High strength concrete- as low as 0.21 

• Hydration process- calcium silicate Hydrate 

• Heat of hydration 



Aggregate 

• 70 to 75% volume 

• Coarse aggregate- stone chips, brick chips, gravel 

• Fine aggregate- sand 

• Concrete unit weight -140 to 152 pcf, 145pcf 

• Lightweight aggregate-shale, slate, slags, brick 
chips 

• Heavy weight aggregate 

• Recycled concrete 



• Proportioning and mixing 

• Conveying, Placing, compacting and curing 

 

 



Quality Control 



Admixtures 

• To improve concrete performance 

• Air-entraining 

• Accelerating 

• Set Retarding 

• Plasticizer, super plasticizers 

• Viscosity modifying-self compacting 

 

 



Properties in Compression 



Poisson’s ratio 0.15 to 0.20 



Creep 



Properties in tension 



High strength concrete 

• 8 to 20 ksi or higher 

• High performance concrete  

 



   Reinforcement 
Strong Bond-no slip 



Reinforcing Bars 



Stress strain curves 

TMT bars 



Prestressing steel 



Flexural Analysis and  
Design of Beams 

Chapter 3 



Introduction 

• Fundamental Assumptions 

• Simple case of axial loading 

• Same assumptions and ideal concept apply 

 

• This chapter includes analysis and design for 
flexure, dimensioning cross section  and 
reinforcement 

• Shear design, bond anchorage, serviceability in 
chapters 4, 5, 6. 



Bending of Homogeneous beam 

• Steel, timber 

• Internal forces-normal and tangential 

• Normal-bending/flexural stress-bending 
moment 

• Tangential-shear stress-shear force 



Fundamental assumptions relating to 
flexure and shear 

1. Plane cross section remain plane 

2. Bending stress f at any point depends on the strain at 
that point 

3. Shear stress also depends on cross section and stress-
strain diagram. Maximum at neutral axis and zero at 
extreme fibre. Same horizontal and vertical. 

4. The intensity of principal stresses 

 

 





5. At neutral axis, only horizontal and vertical 
shear present-pure shear condition 

6. When stress are smaller than proportional 
limit 

a. Neutral axis = cg 

b. f=My/I 

c. v=VQ/It 

d. Shear distribution parabolic, max at na, zero at 
outer fibre. For rectangular max=1.5V/bh 

 



Reinforced Concrete Beam Behaviour 





Video 

• See video clips 



• Tensile stress in concrete is smaller than 
modulus of rupture 
Transformed section can be used 

 

Stresses elastic, section uncracked 







Stresses Elastic, Section cracked 

• Concrete tensile stress exceeds mod of 
rupture 

• Concrete compressive stress is less than fc
’ /2  

• Steel stress less than yield 

• Assume tension crack up to neutral axis 

• Transformed section can still be used 













Flexural Strength 



• Yielding of steel  fs=fy 

• Crushing of concrete εu= 0.003-0.004 

• Either can reach first 

• Exact shape not necessary 

• Necessary –Total compressive force and location 

• βc- location from comp face 







Failure initiated by yielding 



Failure by concrete crushing 

Quadratic equation for c 



Balanced reinforcement ratio ρb 



Example 3.3 



 



Design of Tension-reinforced 
Rectangular Beams 

• Demand < Capacity 



Equivalent Rectangular Stress Distribution 

C S Whitney 







Balanced Strain condition 

 



Underreinforced beam 

• Compression failure is abrupt 

• Tensile failure gradual 

• ρ should be less than ρb 

 
Read points why? 



 



ACI provisions for underreinforced beam 

• ACI establishes some safe limits 

• Net tensile strain Єt at farthest from comp face 

• Strength reduction factor φ 

 





















Minimum Reinforcement Ratio 

• If the flexural strength (of cracked section) is 
less than the moment that produced cracking 
of the previously uncracked section, the beam 
fails immediately upon formation of first 
flexural crack. 

• To ensure against this type of failure, a 
minimum amount of reinforcement is 
provided 









Review 
problem 





Design Problem 

 







• Infinite number of solution is possible 

 

• Economic 0.5ρ0.005 to 0.75ρ0.005 



Determination of steel area 

 









Overreinforced beam 





Design Aids: Find Mn 









Design Aids: Concrete dimensions and steel 



Design Aids: find steel area 



Practical considerations in the design of Beams: 
Concrete Protection for reinforcement  

• Protection for steel against fire and corrosion 

• Concrete cover depends on member and exposure 

• Surfaces not exposed to ground or weather 
– Not less than ¾ in for slab 

– Not less than 1.5 in for beams and columns 

• Surfaces exposed to weather or in contact  with ground  
– At least 2in 

• Cast against ground with no form work 
– Min 3 in cover 

 
 



 



• b and h are rounded to 1 or 2 inch 

• Slab rounded to ¼ or ½ inch (greater than 6 
inch) 

 

 

• Proportions- d 2-3 times of b 

 

 

 

 



Selection of bar and spacing 

• No 3 to No 11 for beams 

• No 14 and No 18 for columns 

 

• Mixing of sizes allowed with 2 bar sizes 

 



Gap between bars 

• Clear distance between bars not less than bar 
dia or 1 inch 

• Two or more layers- min 1 inch 

• Upper bar directly above 

 

 



DOUBLY REINFORCED BEAM 

• Beams with tension and compression 
reinforcement 

• Cross section is limited 

• Compression steel is used for other reasons-
long term deflection, reversal of moment, 
hanger bar for stirrup 



Tension and compression steel both at yields 







Compression steel below yield stress 



 











Example 3.12 





Nadim Hassoun 







Find ϕMn 















Design of  
Doubly Reinforced Beam 





Use actual area 
provided 















T-beam 



• RC beam and slab are monolithically cast 

• Beam stirrups and bent bars extend into the 
slab 

• A part of slab act along with beam top to take 
longitudinal compression 

• Slab forms the beam flange 

• Part of beam below slab is called web/stem 

 



Effective flange width 



1. Symmetrical T beams 

     b < 16hf+bw 

      b < Span/4 

      b < c/c beam spacing 

2. Beam having slab on one side 

     b  < span/12+bw 

      b < 6hf+bw 

      b < Half the clear span +bw 

 

3. Isolated T beam 

     hf > bw/2 

     b< 4bw 

 





Strength Analysis 

Two possibilities 
• Just like rectangular beam 
• T-beam analysis required 



If a>hf T-beam 



bw 

















Shear and Diagonal Tension 

in Beams 

Chapter 4 

 



Introduction 

• Chapter 3 deals with flexure 

• Beams must have adequate safety margin 

against other types of failure 

• They may be more dangerous-more 

uncertain and more catastrophic 

• Shear failure is one such failure 

• It is not fully understood and sudden 

without warning 



• Special shear reinforcement are provided to 

ensure flexural failure would occur before 

shear failure if overloading happens. 

 

 



DIAGONAL TENSION 

• Shear analysis and design are not really 

concerned about shear as such. 

• The real concern is DIAGONAL TENSION 



DIAGONAL TENSION: video 



Diagonal Tension in 

homogeneous beams 

 



Principal Stresses 



 



RC BEAMS WITHOUT SHEAR 

REINFORCEMENTS  



RC Beams without shear 

reinforcements  

• No flexural failure unlike plain concrete 

beam 

• Diagonal tension failure occurs elsewhere 

• Caused by shear alone or combined action 

of shear and flexure 





Web-shear crack 

• when flexure small 

•Near neutral axis 

•Shear stress equals tensile strength 

 



Flexure shear cracking 

• Both moment and shear significant 

• Fails at a lower stress due to preexisting 

cracks due to flexure 

 



• The shear at which diagonal cracks develop 

depends on the ratio of shear force to 

bending moment 

• more precisely on the v to f near the top of 

flexural crack 





Behaviour of diagonally cracked beam 

• Flexural cracks are harmless as longitudinal 

steel is present 

• If shear reinforcement is not present, 

diagonal cracks is critical and determines 

the strength 



•Two types of behaviour as diagonal cracks 

formed: 

• The diagonal cracks spread immediately 

from tension face to compression, splitting 

it in to two and failing- for shallow beams 

(span to depth 8 or more) 

• For deeper beams, the crack spreads 

partially in to compression zone. Failure 

load is significantly higher 

 

 



Once crack is formed 

Dowel V is small and can 

cause splitting 



Formation of diagonal crack produce 

following redistribution of stress 

 • Shear stress increases on the uncracked area 

• Compression force increases 

• Tension in steel increases 

 

• Failure occurs in various ways-yielding, 

crushing, splitting, pull out 

• Relatively deep beam can take significant 

load after formation of diagonal crack, but 

this reserve strength is erratic and is ignored 

 

 



RC BEAM WITH WEB 

REINFORCEMENT 



Types of web reinforcement 



Behaviour of web reinforced concrete beams 



Beams with vertical stirrups 



 



Beams with inclined bars 



ACI CODE PROVISIONS 





Vc 

•Conservative where shear-moment ratio is high 





Minimum web reinforcement 

Read from book 















Design of web reinforcement  











Graphically 





More rigorous formula 



Provide stirrups even if not required 



Analysis and Design of Slabs 

Chapter 13 



Types of Slabs 

• Useful surface 

• Supported on monolithic beams, steel joist, 

masonry or RC wall, directly on column, 

continuously on ground 

•    



















Design of One-way slab  



 



Thickness of one-way slab 



Design as a beam 

• Same as beam of unit width 

 



Clear Cover 

 



Temperature and Shrinkage Reinforcement 

• Why? 















Two-way edge supported slab 



Two-way slab 

• Load transmits in two direction 

• Dished shape 

• Types  

– Supported on walls or stiff beams on all sides 

– Flat plate 

– Flat slab 

– Waffle slab 



Slab supported on edges 

• By wall 

• By stiff RC beam 

• By steel joist 









Moment Coefficient method 

• Simplified method of calculating moments 

and shear 

• 1963 ACI Code- later discontinued from 

1977 

• Still part of BNBC 

• For two-way slabs supported on all sides by 

stiff beams (not less than 3 time slab 

thickness) 

 



Moment Coefficient method 

• Use tables of moment coefficient for 

various end conditions 

• Based on elastic plate analysis and 

considers stress redistribution 

• Still valid 

 



 







1 



2 



3 



4 



• Negative moment at discontinous edge =1/3 

positive moment in the span 

• d smaller by 1d in midspan 

• Short direction reinf placed below 

• Minimum reinforcement 

• Spacing at critical section less than 2h 



Corner reinforcement 



Corner reinforcement 

 

























































Bond, Anchorage and 
Development Length  

Chapter 5 



Fundamentals of flexural bond 

In a RC beam, if plain bars are 
used and greased, it will 
behave like figure. 
 
Strain compatibility will not be 
valid 
 
To reinforced concrete to 
behave as intended, sufficient 
bond stress must develop at 
interface of concrete and steel  

2 



• Plain bars- bond provided by chemical adhesion 
and mechanical friction between concrete and 
steel. 

• This bond is rather small and easily slipped. 
• End anchorage are provided with hooks.  
• Steel stress is almost constant along length, 

elongation and deflection, cracking are higher. 
• Deformed bars overcome this problem 

3 



4 



 
BOND STRENGTH AND DEVELOPMENT LENGTH 

Bond Strength 

 

For reinforcing bars in Tension, two types of bond failure occur: 
• Direct pull-out- where ample confinement is provided 
• Splitting of concrete-where cover, confinement, bar spacing is insufficient 

 
• Both types of failures need to be considered. 

5 



• When there is sufficient cover, as the tensile force in 
reinforcement increase, the adhesive bond and 
friction are overcome, concrete eventually crushes 
in front of the bar deformations, pull-out occurs. 

• Bond failure from splitting is more common- either 
in vertical or horizontal plain. Horizontal failure 
frequently occurs at diagonal crack. 

• Shear and bond failures are intricately related. 

6 



Development Length 
 

Development length is defined as the length of 
embedment necessary to develop full tensile strength of 
bar, controlled either by pull-out or splitting. 

7 



Factors Influencing Development Length 

 

• Tensile Strength of Concrete 
• Cover distance 
• Bar Spacing 
• Transverse reinforcement 
• Vertical location of bar 
• Epoxy coating 
• Excess reinforcement 
• Diameter of bar 
• Cover distance 
• Bar spacing 
• Transverse reinforcement 
• Vertical bar location 
• Coating 
• Excess reinforcement 

 

8 



ACI Code Provisions For Development of Tension 
Reinforcement 

9 



 

10 



Simplified Equations for Development Length 

 

Appendix A.10 

11 



Example 5.1 
 

12 



13 



14 



5.4 Anchorage Of Tension Bars By Hooks 

15 



Fig 5.9:  Standard bar Hooks: (a) Main reinforcement (b) stirrups and ties 

16 



• For stirrup and tie hooks, for sizes No. 5 and smaller, the inside 
diameter of bend should not be less than 4 bar diameters, according 
to ACI Code  

• For stirrups and tie hooks, greater than No. 5, Table 5.2 applies. 

17 



 
Development Length and Modification Factors 

for Hooked Bars 

 

Fig5.10: Bar details for development of standard hooks 
  

18 



• For standard hooks, the development length is 

 

 

 

 

• ldh should not be less than 8 bar diameter or 6 in. 

 

19 



20 



Fig. 5.11: Transverse reinforcement requirements at discontinuous ends of 
members with small cover distances (less than 2.5in.) 
 
0.8 does not apply 

21 



Example 5.2 
 

22 



23 



Headed bar 

 

24 



5.6 Anchorage Requirements For Web 
Reinforcement 

25 



26 



5.8 Development Bars In Compression 

•Development length should not be less than 8 in. 

 

27 



  
Appendix Table A11 

28 



5.9 Bundled Bars 
 

29 



5.10  Bar cutoff and bend points in beams 

• Theoretical Points of Cutoff or Bend 

 

30 



31 



Practical Considerations 
and ACI Code 
requirements 

 

32 



Cutoff or bend points  

33 



Structural integrity provisions 

• Read article 

• Integrated beam design example 5.12 

34 



Bar Splices  

• To join 
• Bars are supplied at 40ft lengths 
• Splice at maximum stress should be avoided 
• Lapping on sufficient distance to transfer stress through bond from 

one bar to the other. 
• Tension splice, compressions splice. 
• Splices for No. 11 and smaller are usually made simply by lapping 

the bars a sufficient distance to transfer stress by bond from one 
bar to the other. Lapped bars are usually placed in contact and 
lightly wired. 

  
• Splices may also be by welding, sleeves or mechanical devices. 
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