






































6.15.9 Reinforcement Splicing (cl. 26.2.5 of IS 456)

Reinforcement is needed to be joined to make it longer by overlapping
sufficient length or by welding to develop its full design bond stress. They should
be away from the sections of maximum stress and be staggered. IS 456 (cl.
26.2.5) recommends that splices in flexural members should not be at sections
where the bending moment is more than 50 per cent of the moment of resistance
and not more than half the bars shall be spliced at a section.

(a) Lap Splices (cl. 26.2.5.1 of IS 456)
The following are the salient points:
e They should be used for bar diameters up to 36 mm.

e They should be considered as staggered if the centre to centre distance of
the splices is at least 1.3 times the lap length calculated as mentioned
below.

e The lap length including anchorage value of hooks for bars in flexural
tension shall be Ly or 30¢, whichever is greater. The same for direct

tension shall be 2L4 or 30 ¢, whichever is greater.

e The lap length in compression shall be equal to L4 in compression but
not less than 24 4.

e The lap length shall be calculated on the basis of diameter of the smaller
bar when bars of two different diameters are to be spliced.

e Lap splices of bundled bars shall be made by splicing one bar at a time
and all such individual splices within a bundle shall be staggered.

(b) Strength of Welds (cl. 26.2.5.2 of IS 456)

The strength of welded splices and mechanical connections shall be
taken as 100 per cent of the design strength of joined bars for compression
splices.

For tension splices, such strength of welded bars shall be taken as 80 per
cent of the design strength of welded bars. However, it can go even up to 100
per cent if welding is strictly supervised and if at any cross-section of the member
not more than 20 per cent of the tensile reinforcement is welded. For mechanical
connection of tension splice, 100 per cent of design strength of mechanical
connection shall be taken.
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6.15.10 Numerical Problems
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Fig. 6.15.5: Problem 1

Problem 1:

Determine the anchorage length of 4-20T reinforcing bars going into the
support of the simply supported beam shown in Fig. 6.15.5. The factored shear
force V, = 280 kN, width of the column support = 300 mm. Use M 20 concrete
and Fe 415 steel.

Solution 1:
Table 6.4 gives
Toa for M 20 and Fe 415 (with 60% increased) = 1.6(1.2) = 1.92 N/mm?

Eq.6.12 gives

_ go, _ 087(415)¢

L, =
“ 4r, 4(1.92)

(when o, =087 f ) = 47.01¢ ... (1)
Eq.6.13 gives

0

M
(Ld)whenas:fd < Tl—l_ L

Here, to find M, we need X,
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0.87 f
B y A _ 0.87(415) (1256) _ 209.94 mm

X =
" 036f,b  0.36(20)(300)

Xumax = 0.48(500) = 240 mm

or M = 0.87(415) (1256) {500 — 0.42(209.94)} = 187.754 kNm

and V = 280 kN

We have from Eq.6.13 above, with the stipulation of 30 per cent increase
assuming that the reinforcing bars are confined by a compressive reaction:

L, <13 (%) Ly @)

From Egs.(1) and (2), we have
47.01¢ < 1.3 (%) + L,

6
or 47.01¢ < 1.3 {m}; if L, isassumed as zero.
280(10%)

or ¢ <18.54 mm

Therefore, 20 mm diameter bar does not allow L, = 0.

Determination of Lo:
1.3 (%) + L, > 47.01¢

(187754
280

Minimum L, = 47.01¢ - 1.3 (%) = 47.01(20)-1.3 ) = 68.485 mm

So, the bars are extended by 100 mm to satisfy the requirement as shown in
Fig.6.15.6.
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Fig. 6.15.6: Solution of Problem 1

6.15.11 Practice Questions and Problems with Answers

Q.1: Explain the importance of the bond and why is it essential to provide
between steel and concrete in beams?

A.l: Sec.6.15.1 para 1

Q.2:  Define the design bond stress 7.

A.2: Sec.6.15.2(a)

Q.3: State the percentage increase/decrease of design bond stress of deformed
bars in tension and compression with reference to the respective values of
plain bars.

A.3:  Three lines below Table 6.4 of sec. 6.15.2(b)

Q.4: Derive the expression of determining the development length of a single
bar in tension. State the changes, if any, for the compression bars.

A.4: Sec.6.15.3(a).
Q.5: How would you determine the development lengths of bars when two,
three or four bars are bundled in contact? State the salient points of the

stipulations of IS 456 in this respect.

A5 Sec.6.15.3(b)
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Derive the limiting value of the development length for bars in tension
having both bending moment and shear force. Explain the role of
additional length L,.

Sec. 6.15.5 and the final form is given in Eq.6.13.

State the salient points of the stipulations of IS 456 regarding anchoring
reinforcing bars in tension, compression and shear, respectively.

Sec. 6.15.6(a), (b) and (c) are the respective answers.

Write down the expressions of calculated bearing stress at bends and its
limiting value.

Egs.6.20 and 6.21 are the answers.

State the additional measure to be taken when the reinforcing bars change
the direction.

Sec. 6.15.8.

Q.10: State the salient points of splicing and welding of reinforcing bars.

A.10: Sec. 6.15.9(a) and (b), respectively, are the answers.

Q.11: Check the bond requirement of the continuous beam of Fig.6.15.7 if the

factored shear force is 200 kN at the point of inflection. Assume M 20 and
Fe 415.

Paint of inflection
e a IS ek M e ———
L i A section

o~

[ : sy
L T L
| = ‘&?f_.- e __:__.-:.- L

Fig. 6.15.7 (a): Beam of Q. 11
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300

Fig. 6.15.7(b): Sec. 1-1 of Q. 11

A.11: Table 6.4 gives Tug for M 20 and Fe 415 as 1.92 N/mm? (see Solution 1 of
Problem 1 of sec. 6.15.10).

Eq.6.12 gives

_ go, 087(415)¢
C4r,  41.92)

47014 ... (3)

d
Eq.6.13 gives

M
(Ld)whenaszfd < 71+ L

To find My, we need Xy

0.87 f
. - y A _ 087(415)(942) _ e
036f, b  0.36(20)(300)

Xumax = 0.48(400) = 192 mm
Slnce Xu < Xu’max; M]_ = 087 fy Ast (d_042 Xu)
= 0.87(415) (942) {400 — 0.42(157.46)} = 113.55 kNm ..... (4)

From Egs. (3) and (4), we have

47.01¢ < (%) + L, (5)
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At the point of inflection L, is the maximum of d (=400 mm) or 12¢ (=240 mm).

With L, =400 mm, we can write from Eq.(5)

6
47.01¢ < {—113'55(18 v+ 400
200(10°%)

which gives ¢ < 20.58 mm.

Thus, use of ¢ =20 mm satisfies the bond requirement.

6.15.12 References:

1. Reinforced Concrete Limit State Design, 6™ Edition, by Ashok K. Jain,
Nem Chand & Bros, Roorkee, 2002.

2. Limit State Design of Reinforced Concrete, 2" Edition, by P.C.Varghese,
Prentice-Hall of India Pvt. Ltd., New Delhi, 2002.

3. Advanced Reinforced Concrete Design, by P.C.Varghese, Prentice-Hall of
India Pvt. Ltd., New Delhi, 2001.

4. Reinforced Concrete Design, 2" Edition, by S.Unnikrishna Pillai and
Devdas Menon, Tata McGraw-Hill Publishing Company Limited, New
Delhi, 2003.

5. Limit State Design of Reinforced Concrete Structures, by P.Dayaratnam,
Oxford & I.B.H. Publishing Company Pvt. Ltd., New Delhi, 2004.

6. Reinforced Concrete Design, 1% Revised Edition, by S.N.Sinha, Tata
McGraw-Hill Publishing Company. New Delhi, 1990.

7. Reinforced Concrete, 6™ Edition, by S.K.Mallick and A.P.Gupta, Oxford &
IBH Publishing Co. Pvt. Ltd. New Delhi, 1996.

8. Behaviour, Analysis & Design of Reinforced Concrete Structural Elements,
by I.C.Syal and R.K.Ummat, A.H.Wheeler & Co. Ltd., Allahabad, 1989.

9. Reinforced Concrete Structures, 3" Edition, by I.C.Syal and A.K.Goel,
A.H.Wheeler & Co. Ltd., Allahabad, 1992.

10. Textbook of R.C.C, by G.S.Birdie and J.S.Birdie, Wiley Eastern Limited,
New Delhi, 1993.

11.Design of Concrete Structures, 13" Edition, by Arthur H. Nilson, David
Darwin and Charles W. Dolan, Tata McGraw-Hill Publishing Company
Limited, New Delhi, 2004.

12.Concrete Technology, by A.M.Neville and J.J.Brooks, ELBS with
Longman, 1994.

13.Properties of Concrete, 4™ Edition, 1% Indian reprint, by A.M.Neville,
Longman, 2000.

14.Reinforced Concrete Designer's Handbook, 10" Edition, by C.E.Reynolds
and J.C.Steedman, E & FN SPON, London, 1997.

Version 2 CE IIT, Kharagpur



DOWNLOADED FROM annacivil.blogspot.in

15.Indian Standard Plain and Reinforced Concrete — Code of Practice (4"
Revision), IS 456: 2000, BIS, New Delhi.
16.Design Aids for Reinforced Concrete to I1S: 456 — 1978, BIS, New Delhi.

6.15.13 Test 15 with Solutions

Maximum Marks = 50, Maximum Time = 30 minutes

Answer all questions.

TQ.1: Derive the expression of determining the development length of a single
bar in tension. State the changes, if any, for the compression bars.
(10 marks)

A.TQ.1: Sec. 6.15.3(a).

TQ.2: Derive the limiting value of the development length for bars in tension
having both bending moment and shear force. Explain the role of
additional length L,.

(10 marks)

A.TQ.2: Sec. 6.15.5 and the final form is given in Eq.6.13.

TQ.3: State the salient points of the stipulations of IS 456 regarding anchoring
reinforcing bars in tension, compression and shear, respectively.
(10 marks)

A.TQ.3: Sec. 6.15.6(a), (b) and (c) are the respective answers.

TQ.4: Design the main tensile reinforcement of a singly reinforced rectangular
beam of width 300 mm and effective span of 8 m carrying a total factored
load of 40 kKN/m using M 20 and Fe 415 with the help of SP-16. Check the
development length at the support if 50 per cent of the reinforcing bars are
continued to the support. Assume width of the support as 300 mm.
(20 marks)

A.TQ.4: Design of beam using SP-16:

Factored mid-span bending moment = 40(8)(8)/8 = 320 kNm
Factored shear at the support = 40(8)/2 = 160 kN

Required moment of resistance per metre width = 320/0.3 = 1067
kKNm/m
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Chart 15 of SP-16 gives d = 63.25 cm and percentage of reinforcement =

Using the total depth D = 700 mm and effective depth as 650 mm, we get
the area of main tensile reinforcement at mid-span = 0.9(bd)/100 =
0.9(300)(650)/100 = 1755 mm?.

Let us provide 6-20T of area = 1885 mm?.

Three 20T bars (50 per cent) are continued at the support. The value of
7,y for M 20 and Fe 415 is obtained from Table 6.4 with 60 per cent

increased as 1.92 N/'mm?. Eq.6.12 gives

L, = ¢o,l4(r,,) = (20)(0.87)(415)/4(1.92) = 940.23 mm
(6)

Eq.6.13 gives (L,)
given below:

i, <M /IV)+L,. To find M, we need x. as

when o =

Xy = (0.87 fy As)/(0.36 fex b)
= 0.87(415)(942.5)/(0.36)(20)(300)
= 157.54 mm < Xymax {= 0.48(650) = 312 mm}
So,
M; = 0.87 f, Ast (d — 0.42 x,)
= 0.87(415)(942.5){(650) — 0.42(157.54)}
= 198.67 kNm
We have from Eq.6.13 with the stipulation of increase of 30 per cent

assuming that the reinforcing bars are confined by a compressive
reaction:

Ly < 13(M1/V) + Lo

From Egs.6 and 7 above, we have

940.23 < 1.3(My/V) + L,
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Here, 1.3(My/V) = 1.3(198.67)/160 = 1.614 m

Hence, L, is notrequired as L4 is satisfied when L, = 0 (sec. Eq.8).

6.15.14 Summary of this Lesson

This lesson explains the importance of bond between steel and concrete
which is essential for the two materials to act together. To ensure the bond,
additional length of the reinforcing bars is to be provided, which is known as the
development length and calculated on the basis of design bond stresses. The
design bond stress has been defined in this lesson and the values of the design
bond stresses for different grades of concrete are given for mild steel plain and
ribbed steel bars. The expression of determination of development length has
been derived. The stipulations of IS 456 regarding anchoring bars in tension,
compression and shear are discussed. Numerical problems solved in the lesson
and other examples of practice problem and test question explain the
calculations of satisfying the requirements of reinforcing bars under different
situations with respect to bond.
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