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2.1 Introduction to Failure modes of beams

Bending in reinforced concrete beams is usually accompanied by shear, the exact analysis of

which is very complex. However, experimental studies confirmed the following three

different modes of failure due to possible combinations of shear force and bending moment at

a given section:

(i) Web shear (Fig. 1.10a)

(ii) Flexural tension shear (Fig. 1.10b)

(iii) Flexural compression shear (Fig. 1.10c)

Web shear causes cracks which progress along the dotted line shown in Fig. 1.10a. Steel

yields in flexural tension shear as shown in Fig. 1.10b, while concrete crushes in compression

due to flexural compression shear as shown in Fig. 1.10c. An in-depth presentation of the

three types of failure modes is beyond the scope here.

2.2 Objectives

1. To analyze the RCC beam as singly or doubly

2.3 Shear Stress

The distribution of shear stress in reinforced concrete rectangular, T and L-beams of uniform

and varying depths depends on the distribution of the normal stress. However, for the sake of
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simplicity the nominal shear stress τv is considered which is calculated as follows (IS 456, cls.

40.1 and 40.1.1):



Design of RC Structural Elements                                                15CV51

Department of Civil Engineering, ATMECE Page 30

The positive sign is applicable when the bending moment Mu decreases numerically in the

same direction as the effective depth increases, and the negative sign is applicable when the

bending moment Mu increases numerically in the same direction as the effective depth

increases.

2.4 Design Shear Strength of Reinforced Concrete

Recent laboratory experiments confirmed that reinforced concrete in beams has shear strength

even without any shear reinforcement. This shear strength (τc) depends on the grade of concrete

and the percentage of tension steel in beams. On the other hand, the shear strength of reinforced

concrete with the reinforcement is restricted to some maximum value τcmax depending on the

grade of concrete. These minimum and maximum shear strengths of reinforced concrete (IS 456,

cls. 40.2.1 and 40.2.3, respectively) are given below:

Design shear strength without shear reinforcement (IS 456, cl. 40.2.1)

Table 19 of IS 456 stipulates the design shear strength of concrete τc for different grades of

concrete with a wide range of percentages of positive tensile steel reinforcement. It is worth

mentioning that the reinforced concrete beams must be provided with the minimum shear

reinforcement as per cl. 40.3 even when τv is less than τc
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2.5 Design of Shear Reinforcement (cl. 40.4 of IS 456)

When τv is more than τc given in Table 6.1, shear reinforcement shall be provided in any of

the three following forms:

(a) Vertical stirrups,

(b) Bent-up bars along with stirrups, and

(c) Inclined stirrups.
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In the case of bent-up bars, it is to be seen that the contribution towards shear resistance of

bent-up bars should not be more than fifty per cent of that of the total shear reinforcement.

The amount of shear reinforcement to be provided is determined to carry a shear force Vus

equal to
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2.6 Bond

The bond between steel and concrete is very important and essential so that they can act

together without any slip in a loaded structure. With the perfect bond between them, the plane

section of a beam remains plane even after bending. The length 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.

Thus, a tensile member has to be anchored properly by providing additional length on either

side of the point of maximum tension, which is known as Development length in tension‘.

Similarly, for compression members also, we have Development length Ld in compression‘.

Accordingly, IS 456, cl. 26.2 stipulates the requirements of proper anchorage of

reinforcement in terms of development length Ld only employing design bond stress ηbd

.
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Design bond stress – values

The average bond stress is still used in the working stress method and IS 456 has mentioned

about it in cl. B-2.1.2. However, in the limit state method of design, the average bond stress

has been designated as design bond stress ηbd and the values are given in cl. 26.2.1.1

2.7 Development Length

Figure 1.13 shows the free body diagram of the segment AB of the bar. At B, the tensile force

T trying to pull out the bar is of the value T = (π θ2 ζs /4), where θ is the nominal diameter of

the bar and ζs is the tensile stress in bar at the section considered at design loads. It is

necessary to have the resistance force to be developed by ηbd for the length Ld to overcome

the tensile force. The resistance force = π θ (Ld) (ηbd). Equating the two, we get π θ (Ld)

(ηbd) = (π θ2 ζs/4) (19)

Equation (19), thus gives
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2.8 Outcome

1. Able to analyze singly and doubly reinforced beam

2. Able to know failure modes of beams

3. Able to know the shear behavior of beams

2.9 Assignment questions

1. What is the difference is between singly reinforced and doubly reinforced beam?

2. Explain different types of stirrups with a neat sketch.

3. Describe the failure modes of beams with a neat sketch.

4. What is development length?

2.10 Future Study
https://nptel.ac.in/courses/105105104/pdf/m5l11.pdf


