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INTRODUCTION
Plain cement concrete:- plain cement concrete is a hardened mass obtained from a mixture of cement, fine aggregates, coarse aggregates and water in definite proportions.
Reinforced cement concrete:- the cement concrete reinforced with steel bars is known as reinforced cement concrete. R.C.C is a very versatile construction material which is strong in tension as well as in compression.
Advantages of R.C.C
· STRENGTH: - good strength in tension as well as compression.
· DURABILITY:- They can withstand the action of weathering agencies.
· ECONOMY:- it is cheap in the long run as its maintenance is low.
· MOULADABILITY:- they can be given anyb shape easily by properly designing the form work.
Forms of steel reinforcement
· Mild steel and medium tensile steel bars
· High strength deformed steel bars
· Hard drawn steel wires
· Structural steel
High yield strength deformed bars:- these bars are produced by subjecting the mild steel plain bars to cold working by tensioning and twisting.
Grades of HYSD bars 
· Fe 415
· Fe 500
· Fe 550
· Fe 600
Advantages of HYSD bars :-
· They have yield strength higher than that of plain mild steel.
· They have better bond with concrete.
Disadvantages of HYSD bars :-
· With increase in stresses the cracking tendency increases.
· Due to reduced amount of tension steel, the design shear strength of concrete is reduced.
NOMINAL DIAMETER OF BARS:- Nominal diameter may be defined as the dimension of the diameter {in mm}of round bars. Some of the following sizes are:-4mm, 5mm, 6mm, 8mm, 10mm etc.
 NOTE:- 
i. The weight of steel is taken as 7850Kg/m3
ii. Weight of bar per metre length={diameter of bar}/162.2 
Types of load :-
I Dead Load
2 Live Load
3 Wind Load
4 Snow Load
   5 Special loads & load combinations
6 Earthquake load etc.




Working Stress Method of Design

Concrete is strong in compression and crushing strength is determined by test on standard cubes. Large deformation is noticed at the failure load. Deformation is permanent in nature. This suggests for the adoption of a factor of safety.
Permissible bending & direct compression are as fraction of crushing strength. 

Assumptions in working stress method
1. Plane section before bending will remain plane after bending.
2. Stress-strain relations obey Hooks law (linear)
3. Tensile stresses are taken by steel only. 

 Objectives

Through this unit a student will be able to learn the following :
o Basics of Woking Stress Method of Design
o Permissible Stresses in Concrete and Reinforcement used in design, and
0 Analytical Aspect of Design of a structure and its elements under design
loads 
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5. cb f = Compressive stress of concrete; cbcσ =Permissible stress of concrete;
stf = Tensile stress in steel; stσ = Permissible stress of concrete



Limit State Method of Design
This is based on the behavior of structure at different limit states ensuring adequate safety against each limitation.
1. Ultimate Limit State: With respect to strength in shear, flexure, torsion, bond or combined effects.
2. Serviceability Limit State: With respect to deflection & cracking. The appearance, durability and performance of the structure must not be affected by deflection & cracking.

Assumptions in limit state method:
1. Plane section before bending will remain plane after bending.
2. Tensile strength carried by of concrete is zero.
3. Does not obey Hook`s law.
4. Ultimate strain of concrete is 0.0035
ckcf67.0=σPartial safety factor for concrete = 1.5 m γ

5. Maximum strain in tensile reinforcement at failure shall not be less than 0.002.
6. Partial safety factor for steel 15.1=mγ. Thus the design strength will be: y y f /1.15 = 0.87 f.
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Grade of concrete
Ordinary Concrete: - M10 – M20
Standard strength Concrete: - M25- M55
High Strength Concrete: - M60 and Above


Test of concrete strength in compression
Cube→150mm × 150mm × 150mm
Cylinder →150mm φ × 300mm height
Cylinder strength is lower than cube strength.

Properties of Concrete

Creep of concrete
Time dependent component of total strain is termed creep.
• Exact mechanism of creep in concrete is still not clear.
• It is generally attributed to internal movement of absorbed water, viscous flow or sliding between the gel particles, moisture loss & growth in micro cracking.

Effect of creep
• Increased deflection of beam and slabs.
• Increased deflection of slender columns (possibly leading to buckling)
• Gradual transfer of load from concrete to steel in compression..
• Loss of prestress in prestressd concrete.

Factor influencing Creep
1. Material properties
2. Composition
3. Curing
4. Loading condition
5. Environmental condition

Creep increases if
1. Cement content is high
2. Water Cement ratio is high
3. Aggregate content is low
4. Air entrainment is high
5. Relative humidity is low
6. Temperature is high (causing moisture loss)
7. Size/thickness of member is small.
8. Loading occurs at early stage
9. Loading is sustained over a long period

8.2 BASIC ASSUMPTIONS

All structures under design loads are analysed according to linear elastic theory. The
design of different sections for providing adequate concrete and reinforcenents are based
on simplifying assumptions  and discussed as follows :

(i) A plane section of a structural element remains plane before and after Bending

(ii) The strain-stress  relationship for concrete and steel under design loads (working or service loads) is linear.

(iii) The tensile stress resistance of concrete in bending is zero, except
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8.5 TYPES OF SINGLY REINFORCED RECTANGULAR SECTIONS

Based on fundamentals of analysis in the above section, a singiy reinforced rectangular
section may be put in any of the three categories :

(i) a Balanced Section
(ii) an Under-Reinforced Section, and
(iii) an Over-Reinforced Section


 (i) Balanced Section
A section is balanced when the extreme fibre of concrete in compression and the
tensile steel reach their respective permissible stresses simultaneously under
applied bending moment.
[image: C:\Users\acer1\Desktop\aa.PNG]
A Balanced Section
Neutral-axis depth in this case is denoted by k,d or x, where k, = coefficient for
n.a. depth for balanced section.

(ii) Under-Reinforced Section
an under-reinforced section is one in which the area of Tensile reinforcement provided is less than that required for balanced section.
An Under Reinforced Section
The n.a. depth may be determined by equating moment of area of concrete in Introduction to Working
compression and equivalent area of tensile steel in terms of concrete about n.a. Stress Method and
Fleiural Mechanics of kd S[image: C:\Users\acer1\Desktop\qq.PNG] 

(iii) Over Reinforced Section
An qver Reinforced Section is one in which the tensile reinforcing steel area is
more that required for a balanced section.
Figure 8.4 : An Over-Reinforced Section
[image: C:\Users\acer1\Desktop\ww.PNG]
the permissible stress in concrete (ocbc)will reach first due to gradual
application of bending moment resulting in kd > k,d (Figure 8.4 d), the value of
kd may be obtained by equating moment of area of concrete in compression and
equivalent area of tensile stecl in terms of concrete about n.a.
I
I (i) How many types of singly reinforced sections can be had based on
percentage of rei~forcementp rovided?
(ii) Define and explain Balanced Section
I
(iii) Explain the meaning of a Under-Reinforced Section,
(iv) Is Moment of Resistance of an over-reinforced section is more than that
for a Balanced Section, if so, explain why ?

8.6 TYPES OF PROBLEMS IN SINGLY REINFORCED
RECTANGULAR SECTIONS

Four types of problems may be encountered
Type I : To determine M, and w for a given cross section
Type I1 : To deterniir~m~a ximum compressive stress in concrete (fcbc)a nd tensile
stress in steel for a given cross section.
Type 111 : To determine M,, and AS,, when concrete cross section is only given,
Type IV : To design a singly reinforced section for a given bending moment

The above mentioned types of problems have been given and illustrated with examples
given below.






Example 8.1
Determine moment of resistance and uniformly distributed super-imposed load
carried by a simply supported singly reinforced R.C. beam having effective span
5m and a cross section of 300 x 555 ( b x d ) reinforced with 5$20. Use M 15
concrete and Fe 250 steel.
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SHEAR STRESSES IN R.C.C BEAMS
The value of shear-stress is constant in the tensile zone and is equal to the maximum shear-stress (q) because the concrete, below the neutral axis (tensile zone) is assumed to be cracked and neglected. The maximum value of shear stress (q) as per elastic theory is given by
\[q=\frac{V}{bjd}\]
where             V = shear force at the section
b and d = dimensions of the section
j = Lever arm depth factor [image: C:\Users\acer1\Pictures\rcc 1.jpg]
Effects of Shear  Diagonal Tension, maximum bending tensile stress, tensile stress (σ) as well as shear stress (τ),crack pattern for a simply supported beam,  The maximum bending moment in this beam will be at midspan and the maximum shear force, at the supports. [image: C:\Users\acer1\Pictures\rcc 1.jpg]
Consider a beam AB subjected to transvers loads as shown in Fig. 5.3(a). The maximum bending moment in this beam will be at midspan and the maximum shear force, at the supports. The beam is subjected to bending and shear stresses across the cross-section. Let us consider a small element (1) from the tensile zone of the beam. It is subjected to bending tensile stress (σ) as well as shear stress (τ) as shown in Fig. 5.3. (b). [image: C:\Users\acer1\Pictures\RCC E.jpg][image: C:\Users\acer1\Pictures\RCC F.jpg]
At the midspan, the bending moment is maximum and the shear force is zero. So the element 2 is subjected to maximum bending tensile stress only. This tensile stress tries to pull apart the section as shown in Fig. 5.3(c) and the crack developed is vertical. [image: C:\Users\acer1\Pictures\RCC G.jpg]
At the support, the bending moment is zero and the shear force is maximum. Thus the element 3 is subjected to maximum shear stress and no bending stresses as shown in Fig. 5.3 (d). [image: C:\Users\acer1\Pictures\RCC S.jpg]
Due to this stress condition the diagonal ik of the element is subjected to tensile stresses as shown in Fig. 5.3 (e). As the concrete is very weak in tension it split along the diagonal (at 45º) and develops crack as shown.
This tension which is caused in the tensile zone of the beam due to shear, at or near the supports is called as diagonal tension which is caused by shear, cannot be resisted by concrete alone. So shear reinforcement is provided in the R.C.C. beams to take up diagonal tension and prevent cracking of beam. 
[image: C:\Users\acer1\Pictures\RCC U.jpg]
The crack pattern for a simply supported beam is shown in Fig. 5.4.
1. At or near the midspan, the crack will be vertical (flexure cracks due to bending alone).
2. At or near the supports the cracks are inclined at 45º (shear or diagonal tension cracks).
3. In between the supports and mid-span the cracks inclination vary from 45º to 90º gradually (flexure-shear cracks).
[image: C:\Users\acer1\Pictures\shear-reinforcement.jpg]
Here are the steps for the design of Shear Reinforcement in a beam:
Step one
Nominal shear stress
Tv = Vu/bd
Where, Vu = shear force due to design load
b = width of the beam
d = depth of the beam
Step two
Percentage of steel
Percent steel = Ast/bd x 100
Step three
Find the shear stress in concrete (Tc) for the above percentage of steel as per IS:456:2000
Step four
If, Tv < Tc
No shear reinforcement is required. However, nominal stirrups are provided and their spacing is determined by,
Asv/b.Sv= 0.4/(0.87fy)
Where, Sv = spacing of stirrups
Asv = Area of stirrups
In any case, the spacing should not be more than  0.75d
Step five
If, Tv > Tc
Sv = 0.87fy. Asv. d/(Vus)
Where, Vus = strength of shear reinforcement



BOND :-  

With the perfect bond between them, the plane section of a beam remains plane even after of a member required to develop the full bond is called the anchorage length. The bond is measured by bond stress. The local bond stress varies along a member with the variation of bending moment




DESIGN OF R.C.C SLAB
ONE WAY SLAB : - 
One way slab is a slab which is supported by beams on the two opposite sides to carry the load along one direction. In one way slab the ratio of longer span (l) to shorter span (b) is equal or greater than 2


[image: C:\Users\acer1\Pictures\HGFUWJNHFKW.png]

TWO WAY SLAB :- 
Two way slabs are the slabs that are supported on four sides and the ratio of longer span (l) to shorter span (b) is less than 2. In two way slabs, load will be carried in both the directions. So, main reinforcement is provided in both direction for two way slabs. 
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AXIALLY LOADED COLUMN

DESIGN OF AXIALLY LOADED COLUMN. A compression member subjected to pure axial load rarely occurs in practice. ... A short column has a maximum slenderness ratio of 12. Its design is based on the strength of columns and applied loads.
Classification of Columns
Columns are classified based on different criteria such as:
1. Shape of cross section.
2. Material of construction.
3. Type of loading.
4. Slenderness ratio.
5. Type of lateral reinforcement.
Shapes of Cross-section
On the basis of shape of the cross-section of the column, the column may be classified as following
1. Square
2. Rectangular
3. Circular
4. Pentagonal
5. Hexagonal
6. Octangonal
7. T-shape or L-shape etc.
Material of Construction
Columns may be classified as following, as per the material used for construction.
Timber Columns:
Timber columns are generally used for light loads. They are used in small trusses and wooden houses. These are called as posts.
Masonary Columns:
These are used for light loads.
R.C.C. Columns:
R.С.С. columns are used for mostly all types of buildings and other R.С.С. structures like tanks, bridges etc.
Steel Columns:
Steel columns are used for heavy loads.
Composite Columns:
Composite columns are used for very heavy loads. They consist of steel sections like joists (I or H sections) embedded in R.C.C.
Type of Loading
A column may be classified as follows, based on type of loading:
1. Axially loaded columns.
2. Eccentrically loaded columns.
Axially loaded column:
The columns which are subjected to loads acting along the longitudinal axis or centroid of the column section are called as axially loaded columns. Axially loaded column is subjected to direct compressive stress only and no bending stress develops anywhere in the column section.
Eccentrically loaded columns:
Eccentrically loaded columns are those columns in which the loads do not act on the longitudinal axis of the column. They are subjected to direct compressive stress and bending stress both. Eccentrically loaded columns may be subjected to uniaxial bending or biaxial bending depending upon the line of action of load, with respect to the two axis of the column section
Slenderness Ratio
The slenderness ratio of a compression member is defined as the ratio of effective length to the least lateral dimension. The columns are classified as following two types depending upon the slenderness ratio:
1. Short columns
2. Long columns.
Short Columns:
The column is considered as short when the slenderness ratio of column i.e ratio of effective length to its least lateral dimension (l/b) is less than or equal to 12.
Long Column:
If the slenderness ratio of the column is greater than 12, it is called as long or slender column
[image: C:\Users\acer1\Pictures\TJHYO4E6IYP.jpg]
EFFECTIVE LENGTH
The effective column length can be defined as the length of an equivalent pin-ended column having the same load-carrying capacity as the member under consideration. The smaller the effective length of a particular column, the smaller its danger of lateral buckling and the greater its load carrying capacity. [image: C:\Users\acer1\Pictures\ColumnEffectiveLength.png]
Assumptions in limit state of collapse in flexure (Bending) (REFER CL. 38, IS 456)
The design of reinforced concrete sections for limit state of collapse in bending, is based on the following assumptions :
(a)       Plane sections normal to the axis remain plane after bending. It means that the strain at any point in the cross-section is proportional to the distance from the neutral axis.
(b)       The maximum strain in concrete at the outermost compression fibre is taken as 0.0035 in bending.
(c)       The relationship between the stress-strain distribution in concrete is assumed to be parabolic, as shown in Fig. 4.1.
For design purposes, the partial safety factor (rms) equal to 1.15 shall be applied.
(f)        The maximum strain in the tension reinforcement in the section at failure shall not be less than
\[\frac {f_{y}}{1.15E_{s}}+0.002\]
fy = Characteristic strength of steel
Es = Modulus of elasticity of steel.
LOAD CARRYING CAPACITY OF SHORT COLUMN
The axial load carrying capacity of a column is deduced from the formula
[image: axialload]
Minimum eccentricity
Emin > l/500 + D/30 >20
Where,  l = unsupported length of column in ‘mm’
D = lateral dimensions of column

Types of Reinforcements for columns and their requirements
Longitudinal Reinforcement
· Minimum area of cross-section of longitudinal bars must be atleast 0.8% of gross section area of the column.
· Maximum area of cross-section of longitudinal bars must not exceed 6% of the gross cross-section area of the column.
· The bars should not be less than 12mm in diameter.
· Minimum number of longitudinal bars must be four in rectangular column and 6 in circular column.
· Spacing of longitudinal bars measures along the periphery of a column should not exceed 300mm.
Transverse reinforcement
· It maybe in the form of lateral ties or spirals.
· The diameter of the lateral ties should not be less than 1/4th of the diameter of the largest longitudinal bar and in no case less than 6mm.


PRESTRESED CONCRETE
Definition of Prestress: Prestress is defined as a method of applying pre-compression to control the stresses resulting due to external loads below the neutral axis of the beam tension developed due to external load which is more than the permissible limits of the plain concrete. The precompression applied (may be axial or eccentric) will induce the compressive stress below the neutral axis or as a whole of the beam c/s. Resulting either no tension or compression.
Advantage of Prestressed Concrete 
1. The use of high strength concrete and steel in prestressed members results in lighter and slender members than is possible with RC members. 
2. In fully prestressed members the member is free from tensile stresses under working loads, thus whole of the section is effective. 
3. In prestressed members, dead loads may be counter-balanced by eccentric prestressing.
Disadvantages of Prestressed Concrete
 1. The availability of experienced builders is scanty.
 2. Initial equipment cost is very high. 
3. Availability of experienced engineers is scanty
Materials for prestress concrete members:-
1. Cement: The cement used should be any of the following (a) Ordinary Portland cement conforming to IS269
2. Concrete: Prestress concrete requires concrete, which has a high compressive strength reasonably early age with comparatively higher tensile strength than ordinary concrete.
3. Steel:- High tensile steel , tendons , strands or cables The steel used in prestress shall be any one of the following:- (a) Plain hard-drawn steel wire conforming to IS1785 (Part-I & Part-III)



CLASSIFICATION AND TYPES
Prestressing System:  
Pretensioning system: In the pre-tensioning systems, the tendons are first tensioned between rigid anchor-blocks cast on the ground or in a column or unit –mould types pretensioning bed, prior to the casting of concrete in the mould[image: C:\Users\acer1\Pictures\DHFIWJALT.PNG]
4. 2. Post-tensioned system: In post-tensioning the concrete unit are first cast by incorporating ducts or grooves to house the tendons. When the concrete attains sufficient strength, the high-tensile wires are tensioned by means of jack bearing on the end of the face of the member and anchored by wedge or nuts. The forces are transmitted to the concrete by means of end anchorage and, when the cable is curved, through the radial pressure between the cable and the duct.
[image: C:\Users\acer1\Pictures\FDKLGLES['.PNG]
Types of losses in prestress  Pretensioning 1. Elastic deformation of concrete 2. Relaxation of stress in steel 3. Shrinkage of concrete 4. Creep of concrete  
Post-tensioning 
1. No loss due to elastic deformation if all wires are simultaneously tensioned. If the wires are successively tensioned, there will be loss of prestress due to elastic deformation of concrete.
Loss due to elastic deformation of the concrete The loss of prestress due to deformation of concrete depends on the modular ratio & the average stress in concrete at the level of steel. 
Loss due to shrinkage of concrete Factors affecting the shrinkage in concrete 
1. The loss due to shrinkage of concrete results in shortening of tensioned wires & hence contributes to the loss of stress
Loss due to relaxation of stress
 in steel Most of the codes provide for the loss of stress due to relaxation of steel as a percentage of initial stress in steel. The BIS recommends a value varying from 0 to 90 N/mm2 for stress in wires varying from to  puf5.0 pu f8.0 Where, Æ Characteristic strength of pre-stressing tendon.
Loss of stress due to friction
 The magnitude of loss of stress due to friction is of following types: - a. Loss due to curvature effect, which depends upon the tendon form or alignment, which generally follows a curved profile along the length of the beam.
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Table 8.1 :  Permissible Direct Tension o, in R.C. Members in N/mm*

Grade of concrete M10 M15 M20 M25 M30 M35 M40

* Permissible Tensile

Stress, o, 1.2 2.0 2.8 3.2 3.6 4.0 4.4
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Table 8.2 Permissible Stress in Concrete in Bending & Direct
Compression and in Bond.

Grade of Concrete Permissible Stress Permissible Stress in Bond
in Compression (Average) for plain Bars
in Tension
“Bending Direct

Ocbe [ *Opa

M10 3.0 2.5 —

M15 50 4.0 0.6

M20 70 5.0 0.8

M25 8.5 6.0 0.9

M3o 100 8.0 1.0

M35 115 9.0 11

M40 13.0 10.0 1.2
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Table 8.3 Permissible Shear Stress in concrete without
Shear Reinforcement

1004,
N

0.25
0.50
0.75
1.00
1.25
1.50"
1.75
2.00
225
250
275
3.00and above

Permissible Shear Stress in Concrete, 7.N/mm?

GRADE OF CONCRETE
M 15 M 20 M 25 M 30 M35 M 40
0.22 0.22 0.23 0.23 0.23 0.23
0.29 0.30 031 031 031 0.32
0.34 0.35 0.36 037 0.37 0.38
0.37 0.39 0.40 0.41 0.42 0.42
0.40 0.42 0.44 0.45 0.45 0.46
0.42 0.45 0.46 048 0.49 0.49
0.44 0.47 0.49 0.50 0.52 0.52
0.44 0.49 051 0.53 0.54 0.55
0.44 0.51 0.53 0.55 0.56 0.57
0.44 0.51 0.55 0.57 0.58 0.60
0.44 0.51 0.56 0.58 0.60 0.62
0.44 0.51 057 0.60 0.62 0.63
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Table 8.4 : Maximum Shear Stress with Shear Reinforcement, T, max
Grade of concrete Mi1s | M20 [ m2s| m30 [ m3s [ Mao
¢, max(N/mm?) 16 ] 1.8 | 19 | 22| 23 | 25
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Cross Section Strain Diagram
Figure 8.2 : A Balanced Section
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Figure 8.5 : Showing Cross-Section and Stress Diagram of the Beam

‘Equating moment of area of concrete in compression and equivalent area of
tensile seel in terms of conerete about n.a.  Figure 8.5(a)).
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The value of x, is next determined to compare it with x and 10 know the type of
the section,

g =0.4555=222 <2474 Hence the section s over-reinforced (Figure 8.4(4))
and the stress
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Examole 8.2

Calculate the maximum compressive stress in concrete and tensile stcess in

forcing steel for & R.C. beam of 3.6m effective span having  cross section of
300 x 600 (b x D ) with 4620 and cleas concrete cover of 25. The beam is losded
with a super-imposed .. of B0 KN. Use m = 19.

Solution
Total wdl = Super-imposed load + sef weight
=80403x0.6x3.6x25=962kN

WL_962x36
T
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329 KNm

Equating moment of aress of conerete in compression and transformed area of
tensile steel sbout n.a.

et
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Example 8.3

Determine moment of resistance and the area of ensile steel required for  scction
Of R.C.beam of 300 x 550 (b xd). Use M 15concrete and Fe 415 steel.

Solution
300

— ey

550|

A
(8) Cross Section (b) Stress Dingram
Figure 8.6 Showing Cross-Section and the Stress Diagram for Balanced Section

s My a0d A, are o determined for balanced section, the value of ky s irst
determined Figure 5.6,
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Fig. 5.2. Shear-stress distribution in RCC beam.
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6mm 2 - legged stirrups @ 100mm c/c

Longitudinal Section of a Beam
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[Two way slab is supported by beams in all
four sides.
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horter span panel (B) is equal or greater
han 2. Thus, /B >= 2
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Pretension member

Post-tensioned member

T. Tn pretensioned prestress concrete, steel is
tensioned prior to that of concrete. It is
released once the concrete is placed and
hardened. The stresses are transferred all
along the wire by means of bond

T. Concreting is done first then wires are
tensioned and anchored at ends. The stress
transfer is by end bearing not by bond.

7. Suitable for short span and precast products
like sleepers,
‘production.

clectric poles on mass

7. Suitable for long span bridges

3. Tn pretensioning the cables are basically
straight and horizontal. Placing them in
curved or inclined position is difficult
However the wire's kept with
cccentrically. Since cables can not be aligned

can be

similar to BMD. structural advantages are
less compare to that of post-tensioned.

3. The post tensioning cables can be aligned in
any manner to suit the BM.D due to external
load system. Therefore it is more economical
particularly for long span bridges. The curved
or inclined cables can have vertical component
at ends. These components will reduce the
design shear force
‘beams are superior to pretensioned beams both

from flexural and shear resistances poiat.

Hence post-tensioned

4 Prestress losses are more compare to that of
post-tensioned concrete.

4. Losses are less compare fo pre-tensioned
concrete
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1 Itis based on elastic theory. Concrete and steel It takes into account actual nonlinear elasto-
areassumed to act together elastically and follow plasticstressstrain behavior of concrete and steel.
Hook's aw (inear stress strain relationship).

2 The stresses in the structural members are The design is based on ulimate loads at faiure
considered for normal working loads without (ultimate load = working load x Partial Safety
considering the conditions exising at the time of Factor)
filure. Different partal safety factors are used for imit

state of collapse and limit state of seviceabity
under different oad combinations.

3 DesignCriter Design Critei

i.Load arrying Gpacity > working load
il Stresses in material (concrete or steel) <
permissible tress i the material
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Factor of Safety for concrete or steel respectively)
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