Design for Torsion in Reinforced Concrete

'

8.1 Introduction

+ is another important fimit state of collapse just like shear and flexure. Torsion invariably occurs in most
of the type of structures. In this chapter, we will define the two different types of torsion that exist in actual
structures, the approach followed for the design of members subjected to combined bending/flexure, shear and
torsion along with the concept of equivalent moment and equivalent shear.

8.2 Design for Torsion:

Loads acting normal to the plane of bending in case of beams and slabs,vgiVes rise to bending moments
and shear force. However, wien the: loads-act away from the plane of bending at an eccentricity then this will
induce torsion in members. Inreinforced concrete, the state of pure torsion rarely exists unlike the case of shafts
where we encounter pure torsion. It genefélly occurs in combination with transverse shear and flexure. Behavior
of reinforced concrete members under the combined influence of flexure, shear and torsion is quile complex
owing to the fact that concrete is a non-homogeneous material. Presence of cracks in concrete members and
composite nature of material i.e. concrete and steel adds to the complexity of torsion analysis. Research in this
area is still going on. However; various design codes in the world describe very simplified procedure for torsion
design of reinforced concrete members. '
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8.3 Mechanism of Torsion in Reinforced Concrete Structures

There are many mechanisms by which torsion can be induced in reinforced concrete members during
load transfer stage (during the process of load transfer) in the structural system. Depending upon the situations
which induce torsion in reinforced concrete, torsion can be classified as:

1. Equilibrium torsion ( or primary torsion)

2. Compatibility torsion ( or secondary torsion)



1. Equilibrium Torsion: This torsion gets induced in a reinforced concrete member due to eccentric
loading w.r.t. shear centre of the cross section. Here, the equilibrium conditions are sufficient in itself
to determine the twisting/torsional moments especially in statically determinate structures. This
torsional component must be considered in design (as per Cl. 41.4 of IS: 456-2000) as itis a
major component in statically determinate structures. Also, the ends of the member should be
suitably designed to resist this type of torsion.

‘
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IS 456: 20‘&)0 (CI. 41.1) states that where the torsion can be eliminated by releasing the redundant
restrains, there, no specific design for torsion is necessary provided torsional stiffness is not taken into the
analysis of internal stresses. :

Beam subjectéd to =
equilibrium torsion-

Remember  Just like ‘Rupture Moment for flexural moment, twisting moment (or torsional moment). is
T  associated with-Cracking Torque which implies‘after the first time loading of plain concrete

g member, the cracks that de\jelop prior to torsional cracking. A minimum torsional reinforcement
A : is always provided in reinforced concrete members inorderto control cracks and impart ductility
(c) Twisting moment diagram to the member. Minimum stirrups requirement as per Cl. 26.5.1.6 of IS 456: 2000 also reinforces
e the fact that some degree of torsional cracking can be controlled in corcrete members due to
compatibility torsion.
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From the principles' of Solid Mechanics, it is
known that torsion induces shear stresses and causes
warping in-non-circular sections. Fig. 8.5 shows the

con N . Beam distribution of torsional shear siresses over a rectangular
) _ cross section which follows linear elastic behavior. Fig. 8.4 Plain concrete acted upon by torsional moment
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. ompatibility Torsion: This type of torsion arises due to need of the member to undergo a certain ES &= 1 : 0
“angle of twist to maintain the compatibility conditions. Here, the twisting moments developed are 45° E _l
dependent on torsional stiffness of the member ‘and these twisting moments are statically (a) Part section of b (Q) torsional shear (c) degrees of plastic
. . . R . R . a) Part section of beam orsi
indeterminate, minor amounts of which can be ignored in design due to multiple load paths stress distribution behaviour

available in statically indeterminate structures.
t v Fia. 8.5 Distribution of Torsional Shear Stress in Elastic Rectanqular Beam Section



Maximum torsional shear stress occurs at the middle portion of the larger face of the section and s given by:

. _ T
tor max = " pp?

where Tis the applied torsional moment, b and D are the cross section dimensions and a.is a constant
which depends on the ratio D/b. 9

i
Pure shear induces diagonal tensile and diagonal compressive stresses.
)

As shown in Fig. 8.5, principle tensile and compressive stress paths spiral around the beam in orthogonal
directions at 45 degrees to the beam axis. When this diagonal tensile stress reaches the tensile strength of
concrete then cracks start appearing on the section. Due to brittle nature of concrete, this crack penetrates
rapidly in the inward direction from the exposed surface which nullifies the torsional resistance of the member.

Thus in plain concrete members, the diagonal torsional cracking leads to the failure of the entire section
almost immediately. :

The ultimate torsional reersiahee of the plain conCrete cen be assessed by mieasuring cracking torque
(T7,,). The expression for the cracking torque (T,,) can be computed from any of the following proposed theories viz.:

1. Elastic theory

2. Plastictheory -~

3. Skewbendingtheory .

4. Theory of equivaienr ‘tubeanalogy

The cracking torque (7,,) computed from any of the theory has to be verified and correiated experimentally
with the actual tensile strength of concrete. IS 456: 2000 has adopted the design shear strength of concrete
(z,) (table 19 of IS 456: 2000) as.the measure of tensile strength of concrete.

8.5 Torsionally Reinforced Concrete Subjected to Torsion

As discussed in the previor.rs section, failure of plain-concrete in torsion.occurs due to the diagonal
tensile stresses and thus to prevent this failure, steel should be provided in the form of spirals around the
member in the direction of principle tensile stresses.

Thus to prevent a beam against torsional failure, torsional remforcement‘ghould be provided in
spirals along the directior of principal tensile stress which is in fact not a practlcaﬂ solution. So, torsional
reinforcement is provided in the form of longitudinal reinforcement (as longitudinal bars) anditransverse reinforcement
(as stirrups).

The twisting behaviour of torsionally reinforced concrete beam is similar to that of plain concrete beam
until the formation of first crack (which corresponds to torsional cracking moment 7). After the occurrence of
first crack, there is a large increase in twist at constant torque due to abrupt loss of torsional stiffness. After this
the torsional behavior of reinforced concrete member depends on the amount of torsional reinforcement present.

Very small amount of torsional reinforcement may not be able to prevent the torsional cracks and thus no
increase in strength is possible beyond T_. As the reinforcement is increased, torsional strength increases but
this cannot be done indefinitely because ultimate failure occurs by crushing of concrete. Increasing the torsional
reinforcement increases the ductile behavior but this is felt at very large angle of twists.

Consequences of Torsional Moment

1. Torsional moments are associated with shear stresses in beams since torsion causes diagonal
tension thereby leading to spiral cracks.

2. Due to spiral cracks, reinforcement should be provided in the form of spirals along the direction of
prrnmpai tensile stresses but this is often not possible. Thus the requirement of spiral reinforcement
is converted to an equivalent longitudinal and transverse reinforcement. Thus effect of torsion is
split into equivalent shear and equivalent moment.
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8.6 Analysis for Torsron , L
There are many methods avarlable to understand the behavror of rernforced concrete members under
torsion like Skew Bending Theory, Space-Truss Analogyetc. : .

8.7 Torsional Reinforcement

When torsronal shear.stress (1,) exceeds the desngn shear strength of concrete (t,) (table 19 of IS 456:
2000), then torsional reinforcement is required to be provided in concrete members. As stated earlier, normally
torsional shear acts in assodiation with flexural shear (V,) and in that case equrvalent shear (V,) has to be
considered as per Cl. 41. 3) .1 of IS 456: 2000.

The expression for equivalent shear (V,) is given as:

7
Vo=V, +1 6(—#)

itive only or one side ¢

* Remember: The ﬂexural shear and torsrona! shear are ad

e beam and they actin -
opposite: dtrecnons onthe other srde ofthe Beam: . 3 i

The equivalent nomlnal shear stress (t,,) is then given by:

- V, +1 .e(%“)
Ive = bd




If this equivalent nominal shear stress (t,,) exceeds the maximum shear strength of concrete (t
then section has to be redesigned.

c max)r

The strength of a member subjected to both torsion and flexure is described in terms of interaction of
TIT g with M,/M,5. Where, T, and M, are respectively the strength of the member subjected to pure torsion
and pure flexure.

Cl. 41.4.2 of IS 456: 2000 gives recommendations for the design of concrete members subjected to
both flexure and torsion. This recommendation is based on simplified Skew Bending Theory.

Accordingly, the torsional moment can be converted to an equivalent flexural moment as:

T,(. D
1
M, = 17(%)

Here the M, so calculated is combmed with the flexural moment (M )to give equivalent bending moments
M, and M,, as: o :

M M + M,
MGQ =M-M,
Reinforcement is designed to resist the equrvalent bendrng moment M ;andthe corresponding required
steel is provided in the flexural tensvon Zone. )

-Now when M,> M_i. 6. M 5> 0, then a rernforcement for thrs equrvalent moment (M,,) has also to be
designed and is provrded in ﬂexural compressron zone. -

When M, =0i.e.in case of pure torsion, then M =M, M and equal longnudrnal reinforcement has
to be prowded in the both ﬂexuraI tension zone and ﬂexural compressron zone.

8.8 IS 456: 2000'Pr0\risions for the D'esign of Reinfdrcement in Members
Subjected to Torsion ‘

1. Cl.41.4.30f IS 456: 2000 provrdes recommendations for the design of 2 Iegged closed transverse
stirrup reinforcement the area of which is given by:
TS, 0 us, ¢ _ 'S, ( T )

Ao = D1 b, 2.5d,(0.87f,) ~ 0.87f,d, kb1 25

2. In addition to the above, Cl. 41.4.3 of IS 456: 2000 specifies limit on minimum area of transverse

reinforcement also as:
('tve "Tc)b~sv Asv ( ve — c)
A2 “ogrr) o bs, > osrr,

3. AsperCl. 41.1 of IS 456: 2000, in structures where torsion is required to maintain the equilibrium,
members shall be designed for torsion. However where torsion can be eliminated by releasing the
redundant restraints, no specific design for torsion is necessary provided torsional stiffness is

" neglected in the calculation of internal forces. There, adequate control of any torsional cracking is
being taken care of by the required nominal shear reinforcement.

< 4. Cl. 41.20f IS 456: 2000 states that sections located at less than distance ' from the face of the
support may be designed for the same torsion as computed at a distance d".

5. Cl. 26.5.1.7a of IS 456: 2000 specifies the distribution of torsional reinforcement in terms of
maximum spacing of stirrups (s, ), in order to have sufficient post crack torsional resistance and to
control crack widths.

x where, x; = b, + 2 (longitudinal bar dia/2)
! ; i hown in
+ + 2 (stirrups dia/2) S
P il . Fig.8.7
4 y, = d, + 2 (longitudinal bar dia/2)
300mm

+ 2 (stirrups dia/2)

2 legged stirrup

@ By
BE !\ . by = centre to centre distance between
I the extreme bars along width
g A .
'§ % y,= centre to centre distance between

Y1 d D the s_hear stirrups-along depth
- P d,'= centreto centre distance between
A the extreme bars along depth
st

x4 =-centre to centre distance between
the shear stirrups along width

Fig. 8.7 Stirrups in beams

6. Cl. 26.5.1.7b of IS 456: 2000 states that longitudinal reinforcement shall be placed as close as
possible to the corners of the cross section and in all cases, there shall be atleast one longitudinal
bar at each corner of ties. .

7. If depth of the member subjected to torsion exceeds 450 mm, then additional longitudinal bars
are required to be provided at the faces with total area not less than 0.1% of web area. These side
face bars are to be distributed equally on each face ata spacrng not exceeding 300 mm or web
thickness, whichever is small:

8.9 Design for Torsion as per Working Stress Method

1. Shear and Torsion: Cl. 41.3.1 states that equivalent shear taking into account the eﬂect of torsion,

is given by:
where, T = Torsional moment
v, = V+1r6(—T-) V= Shenrforce
i V,, = Equivalent shear force
i B = Beam width

Thus equivalent nominal shear stress is given by:



2. Longitudinal Reinforcement: Longitudinal reinforcement must be designed to resist an equivalent
bending moment M, given by:

o1 = M+ M, where, M = Flexural / Bending moment at the cross section

under working conditions
TY.D o
17} B !
Case 1: When M, < M :

In this case, only tension reinforcement is designed without the requirement of any compression
reinforcement.

Depth of the beam section is given by: d= -A(%
. ‘ s MM,
Area of tension steel (A_) is given by: A= — L =" __
S Ourid ,6‘.(d_x_a)
B Ly

Case 2: When M, > M

In this case, longitudinal rernforcement shaH be provrded on ﬂexural compressmn face, such that the
beam can also withstand an equwalent moment:M,, (= M M) where moment M_, being taken as acting in the
opposite sense to the momentM = R s I

IR e
Depth of the beam sectuon is given by d= \] QB i

Me1»_ Mgy

Og - fd ( Xa
Oy |d--2
st 3)

Area of compression steel (A, ) is also designed for a moment M., (= M,~ M) taken in opposite sense

Area of tension steel (Aq) is given by: A, =

to that of M,.
(Design tension reinforcement for M_, and provide as negatlve (=ve) remforcemgnt)
Ase = G—Mei—z'—= e . lf\\;.
aid Gst‘(d"%) L

Thus, provide this much reinforcement at top.

As per Cl. 28.5.1.2 of IS 456: 2000, area of compression reinforcement should be less than or equal to
4% of gross sectional area of beam.

8.9.1 Shear/Transverse Reinforcement

1S 456: 2000 states that two legged closed hoops enclosing the corner longitudinal bars shall have an
area of cross section A, given by:

AL IS, VS S [T,V
%~ bdog, 25dog doglb 25

But total reinforcement shall not be less than minimum shear reinforcement which is given by:

A > (tve =7Tc)b-S, Agy S (tve — 7o)
. s Osv bs, Osy

Spacing of shear reinforcement is given by:

- Asvcsvdl Asvcsvd1 7 T v
= = where, V., =—+—
O A 9" by 25
b, 25
where, S, = spacing of shear reinforcement

b, = centre to centre distance between corner bars in the direction of width
: = b — clear cover - 2 x stirrups dia - 2 (longitudinal bar dia/2)
d, = centre to centre distance between corner bars
= D-clear cover — 2 x stirrups dia—2 (Iongltudlnal bar dlal2)
1, = equivalent shear stress 5 -
7= design shear strength of concrete as per Table 19 of IS 456 2000

Maximum Spacing

X4 : : S E 3 .
s, Xty * where, x1' =b,+2 (lohgitudihal bar dia/2) + 2 (stirrups dia/2)
1 - 4 - . :
300 mm ¥, = 61' + 2 (longitudinal bar dia/2) + 2 (stirrups dia/2)

Side face reinforcement

Side face reinforcement shall be provided as per Cl. 26.5.1.3 and 26.5.17(6) of IS 456: 2000.
1. Beam depth > 450 mm (if beam subjected to torsion)
2. Beam depth > 750 mm (if beam not subjected to torsion)

Provide @ 0.1% of web area and distribute it equally on both side faces.

8.10 Design for Torsion as per Limit State Method

given by:

Factored bending moment = 1.5 M= M,
Factored shearforce = 1.5 V=1V,
Factored torsion nzpment =15T7=T,
Shear and torsion: Cl. 41.3.1 states that equivalent shear taking into account the effect of torsion, is

v, = Vu +1,6(%) where, T, = Factored torsional moment,.Vu= Factored shear
V, = Equivalent shear, B = Beam width

Thus equivalent nominal shear stress is given by:
- v,

- < TC max

Y = Bg



Longitudinal Reinforcement: Cl. 41.4.2 states that longitudinal reinforcement must be designed to
resist an equivalent bending moment M,,, given by:

My =M, + M,
where, M, = Factored bending moment at the cross section
Case 1: When M, < M,

o

In this case, only tension reinforcement is designed without the requirement of any compression
reinforcement.

Depth of the beam section is given by: d = %
Area of tension steel (A,) is given by: A, oM
st 199 = 087, -jd

Case 2: When M, > M (Cl 41 4.2.10f IS 456 2000)

In this case, longltudmal remforcement shall be provided on ﬂexural compression. face, such that the
beam can also withstand an equlvalent moment M, (= M M )where moment M_, being taken as acting in the
opposite sense to the moment M,

Depth of the beam s‘ection is given by: d= —Q—‘;— '

. M,
Area of tension steel (As : ngen by Ay 0 &7 f 7
Area of compression steel (Asc) is also prov:ded for M., (-M M )

My
se = 0.87f,.jd

Provide thls much remforcement attop.

As per Cl. 26.5.1.2 of IS 456: 2000, area of compresswn reinforcement area should not exceed 4% of
gross sectional area of beam.

‘Shear/Transverse reinforcement: Cl. 41.4.3 of IS 456: 2000 states that two legged closed hoops
enclosing the corner longitudinal bars shall have an area of cross section A,, given by:

LS VS s, |1, s
7 bydy(0.87F,) 2.5d1.(0.87f) a,(0.87f, )Lb1 25
A, (0.87f, )y
= v = ‘—7—-—7'--
LY
b 25

i

But total reinforcement shall not be less than minimum shear reinforcement which is given by:

A > (Tve—Tc)b'sv A (Tve_TC)
w2087, bs, 2 0.87f,

Spacing of shear reinforcement is given by:
A, (087t)d; A, (0.871,)d;

A Veeq
, 2.5
V. = Ty, Yo = Equivalent shear force
where seq = E+E— q

S, = spacing of shear reinforcement
b, = centre to centre distance between corner bars in the direction of width
= b-clear cover - 2 x stirrups dia - 2 (longitudinal bar dia/2)
d, = centre to centre distance between corner bars
.= D~ clear cover-2x stirrups dia - 2 (longitudinal bar dia/2)
1, = 'equivalent shear stress

T design shear strength of concrete as per Table 19 of IS: 456-2000

Maximum spacmg
2 Iegged stirrup.

k ; ) b; = centre to centre distance between
the extreme bars-along width
fsc V .y, = centre to centre distance between
dvi d D the shear stirrups along depth
d, = centre to centre distance between
A the extreme bars along depth
t
N : = centre to cent_re distance between
the shear stirrups:along width
|
b —
1
- b
Fig. 8.8 Stirrupsin beams
*
s<lXtN , ) )
M 't where, x, = b, + 2 (longitudinal bar dia/2) + 2 (stirrups dia/2)
300 mm

32 - d, + 2 (longitudinal bar dia/2) + 2 (stirrups dia/2)

Design a rectangular beam of size 350 x 750 mm which is acted upon by a
factored twisting moment of 150.kNm in combination with an ultimate negative moment of 210 kNm and
an ultimate shear force of 110 kN. Use M 30 grade of concrete and Fe 415 steel.

i

Solution:

Given, b = 350mm D= 750mm
f = 30N/mm? f,= 415 N/mm?
T, = 150kNm M, = 210kNm
V, = 110kNm




i

Let effective cover to the reinforcing bars 50mm

Thus effective depth, d = 750 mm-50 mm = 700 mm
Equivalent bending moment due to torsion:

I D )
M, = #(HE] = 150/1.7 x (1 + 750/350) = 277.31 kNm
Bending moment for design: N
M, = MzxM, !
= 277.31%210 = 487.31 kNm (flexural tension at bottom)
= 67.31kNm ' (flexural compression at top)

Design of bottom reinforcement:

Ry = bM—;; =487.31 x 105/(350) x (700)2 = 2.84146 N/mm?

and S B = 0138x30= 4.14NmMMR> 284145 Nimm?
o At R
Th =t ___._4. L4510 B 3
us C 0 T a8y < assreex o
p; -—‘-.‘089%
. Aslreqd b 202 06 mm?2: .

Provide 5-25 mm dtameter bafs at'the bottorn, ENS L
R = 2454.37 mm?

Thus Asl prowded
Design of top remforcement
R, = M_lbd 22 67 31 x 105/ 350) x.(700)? = 0.392478 N/mm?
o, Ag f [ R
ot S 1-4.598—= | =1, -3
100 bd o [ \/ T 1.10398 x 10
pp = 011%
0.110398
Asreqd = 100 ——x350x700 =270.48 mm?
Provide 2-16 mm diameter bars at the top.
Thus Agt provideg = 402.12mm?

Side face reinforcement: :

Since depth of the beam (D) is greater than 450 mm, side face relnforcement @ 0.1 % of beam cross
sectional area, for torsion is required to be provided. ‘r

Thus torsional reinforcement on each face = 0.05 % = (?(?OE)J x 350 x 750 = 131.25 mm2

Provide 2-10 mm diaméter bars on each face.

Side face reinforcement provided on each face = 157.08 mm?

Vertical spacing between the longitudinal bars should not exceed 300 mm.
Design of shear/transverse reinforcement:

7
vV, +16-4
v b

Equivalent nominal shear stress = T, = b

150x10°
3 +1.6) ————
110x10° +1.6 350

= ] = 3.24 N/mm?2
350x700 /

(for M30 concrete) = 3.5 N/mm2> 3.2478 N/mm?2 (OK)

cmax

' 2454.37x100

Now for Pi= "3s0%700 = % and M30 concrete, 7.= 0.66 N/mm?

It can be seen that torsional shear stress (= 3.24 N/mm?) is much higher than design shear strength
of concrete (= 0.66 N/mm?).
Using 2 legged 10 mm diameter bars as shear stirrups, A =2 x 78.54 mm?2 = 157 mm?

Since effective cover assumed is 50 mm.

So d, = 750 mm -2 x 50 mm = 650 mm
b= 350mm-2x50mm=250mm
08THA, o 087(415)157. -
LT YT T50xI0 10x10°
bo, 2.5d1 ' 250650 25650 . .

5721mm VL o 109 stirups
Maximum shear spacmg requ1rement i @50mmdc |

250+25+10 285mm
285+(650+12 5+8+10)
A 4
“2|300mm -

750

‘ = 241375mm

Provide 2 legged 16 mm diameter bars as shear stirups @50 mmcfe.

fe— 350 ——~|
Check for clear cover:

Clear cover = 50 -10 - 14 mm.= 26 mm > 20 mm (OK)

Determine the am.ountrof reinforceﬁjent required forvaﬂ beam of size 400 mm
x 700 mm and subjected to a working moment of 150 kNm, twisting moment of 60 kNm and working

shear force of 80 kN. Use M 20 concrete and Fe 415 steel. 400

Solution:
Let effective cover 50 mm

Effective depth (d) = 700 mm - 50 mm = 650 mm

Step 1: Check for adequacy of beam depth

700 e}

1]

T
Equivalent shear force (V,) V,+1 ,GF”

1.5x60
i .6
(1.5%80)+1 ( 02 )

120 + 360 = 480 kN




Ve _ 480x 10°

bd~ 400650

For M—20 concrete, 1, = 2.8N/mm? (Table 20 of IS 456: 2000)
> T, (=1.846 Njmm?) (OK)

Equivalent shear stress (1)) = = 1.846 N/mm?

Thus depth provided is OK.

Step 2: Check for requirement of shear reinforcement

Let percentage of tension reinforcement (p)=0.5%

For M 20 concrete and p, = 0.5%, design shear stress of concrete ;

T, = 0.48N/mm? (Table 19 of IS 456: 2000)

c
T < Tye < Tax

Shear reinforcement is required.
Step 3: Tension reinforcement requirement .
Equivalent M) = M,

S 5%B0f 700] '
o “',2.257‘—*. (1 2 2 295 4 145.6 = 370.6 kNm
: S i7 \ aoo) T F
MY 3706 %108 "
R T2
qdz ' 400><6502 929
P _ kAsr 20 [ 21929
00 = By 2(415) 1= 1= 4598 =0.0071285

p, = 0.71 % >0.5% (assumed)
= ST .. 1, = 0.5472N/mm2for M 20 concrete
2nd T T 0.71% (Table 19 of IS: 456 - 2000)
rom here also, 1, >1,, <7,
= Shear reinforcement is required.
Also Ay = 0.0071 x 400 x 650 = 1846 rﬁm2

st
No. of 25 mm ¢ bars required = 1846 =3.76 = 4 bars (say)
T w052
4
4x %:— x 252
pr(provided) = m X 100 =0.76% !
= 1, = 0.5624 N/mm? (Table 19 of IS: 456 - 2000)

1, 415

Minimum reinforcement percentage = (O 85] 1000 = (O 85) x100 = 0. 20% <0.76% (OK)
y

Maximum reinforcement percentage (P

((max)) =4%>1.76% (OK)

Step 4: Compression reinforcement requirement
From Step-3 above, M, = 145.6 kNm < M, (=225 kNm)
No compression reinforcement is required.
However provide 2-12¢ bars as hanger bars for holding the transverse reinforcement.

Step 5: Side face reinforcement requirement
D> 450 mm
Side face reinforcement is required @ 0.1% of bD

= 1%10 % 400 x 700 = 280 mm? equally distributed on the side face

280
..Side face relh{orcernent onone face = —2-—mm =140mm?
Provndlng 2- ’l)q: bars; area of side face remforcement provxded

= 2><4x102 =157mm? >14o mm

Step 6: Transverse remforcement
Using 2 legged 10¢ bars astransverse remforcement

: d = 700 50 - 50 SOOmm :
b, = 400 - (25+T0+125)—(25+10+125)

Z-305mm
0.87f, Agy _TL N v,
Sy by 254,

15%60%10° +1.5><80><103
305x 600 25x600
491.8 + 80 = 571.8 N/mm

bs 40Cs,
e VPS5 (1846 - 0.5624) ——
Also, Ay z (Te eI 0871, > (1.846-05 )0.87(415)

0.87f, Asy
Sy
Comparing equations (i) and (i), itis clear that equation (i) is governing equation.

= > (1.846-0.5624)400 = 513.44 N/mm

0.87f, A
X% _ 571.8N/mm

With 2 legged 10¢ bars (as assumed),
i n
2 2
A = ZXme =157 mm
0.87f,As _ 0.87(415)157

S = = =99.13mm c/c
v 571.8 571.8

i)



Step 7: Check for adequacy of s,

[ 717
x;= b +(125+125)+ (5 + 5) (e {{e
=305+ 25 + 10 = 340 mm '
Yy =d; +(6+125)+(5+5)
=600 + 18.5 + 10 = 628.5 mm [~ 2 legged
106@
x 340mm 0cle
X1+ 340 .
5, < ( ‘4y’) = *4628 % - 242.125mm
300mm | 300mm ' |
400 ——>
— by —] 25

R s, < 242,125 mm
. Provide 2 legged 109 stirrups @ 90 c/c.

A rectangular beam as shown below is subjected to a moment of 174 kNm, |
torsion of 35 kNm and shear forc of 88 kN at service:load. Determlne the :

reinforcement required for the beam use M 20 and Fe 415

Solution:
Given

Mor'néntv(M)
_Torsion M

[}

Atservice load oonditions’v L
Thus Factored moment (M,)
Factored torsion(T) =
Factored shear force v)

Check for adequacy of beam depth

n

|

Equivalent shear force (V) =

Equivalent shear stress (1) * =

As per table 20 of IS 456: 2000, for M 20,
Tcmax =
>
Thus there is no need to redesign the section.
Thus depth of beam is OK.
Requirement of shear reinforcement

Let percentage of tension reinforcement

(pg) =

-~.Design shear stress of M 20 concrete for
b, =
as per Table 19 of IS 456: 2000, T, =

Thus shear reinforcement is required.

174KN
35 kNm-
88KN

5 5600 “4

15x174 = 361 kNm
1.5 x 35 =.52.5 kNm
15 %88 = 132 kN~

¥ b =350 — |

e e 3 e--

50

- -

v, +1.e{%) = 132416 %%5_ =372 kN
1000

Yo _ . 372x1000
bd 350 (600 - 50)

2.8 N/mm2
T, (= 1.932 N/mm?)

0.5%

0.5%
0.48 N/mm? < 7, (1.932 N/mm?)

=1.932 Nfmm?
A

[,',‘1 b

)

EEER

Requirement of flexural reinforcement

Equivalent bending moment M) =
52.5 0.6
= 361+ 1+——| =261+8382=
% ( 1.7 )( 0.35)
6
R - e SABDACT  osess Nimm?
, bd® ~ 350(550)°
b Ay _ 20 ’ 4.598(3.25686)
100~ bd 2(415) 20
p, = 1.2%
= ' A, = 23135mm?
But we assumed p;
Design shear strength of M20 concrete for
: R -, Py
as per table 19 of IS456: 2000, = - - 7,
Compression reinforcement .- )
Here ‘ LMy

Side face remforce!nent T
Depth of the beam Lo
So side face reinforcementi is: requsred

Total area of side face reinforcement

D

600 S 450 fnm

M, + M,= Mu+({”—7)(1+%)

= 05% (initially) _

= 12% . :
= 0.65 N/mm2<t (—1 932 N/mmz‘

- 83B2kNm
g ik M (— 261 kNm)
Thus no compressnon retnforcernent is requnred

> 0.1%ofwebarea
——(350)(600
2 155 (350)(600)

> 210mm?

Provide two 10 ¢ bar on each face of the beam,

Total area

- 4x%x‘102 = 314,16 mm2 > 210 mm?

344.82 kNm B

] =0.012018

Design a rectangular reinforced concrete beam of width 400 mm subjected

to the following at any particular section:

(i) Bending moment = 300 kNm (i) Shear force = 200 kN (iii) Torsional moment = 100 kNm

Use M 30 concrete and Ee 415 steel.
Design the beam using WSM.

Solution:
By WSM
Width of the beam, B
Assume overall depth of the beam, D
and sffective cover
Effective depth of the beam
Equivalent shear "

V_V

400 mm

800 mm

50 mm

= 800 -50mm =750 mm

1

1.6T 1.6x100

-—B—— = 200+ KN =600 kN

e i g B RN S R A TP



) V, 600x10°
Nominal shear stress, T,= = 2
w™ Bg ™ 200x750 "
= 2N/mm?<1 = 2.2 Nfmm? for M 30
Equivalent moment ermarl / conerete)
M,= M+ M,
= 300+—- 1+D =300 + 176.47 kN
170" B ArKEm
1
= 300+ —19—79(1+-%)kNm = 476.47 kNm
Now M. < M
. Reinforcement on compression side is not required
Depth required
k= mec_ _ 9x10 —028 7'

t+mc 230+9><10

96847+50mm
o L= 101847mm~1020mm>800mm
Take ST vs. D= 1050mm - -
S d= 1050-50 mim = 1000mm -

M= M+ M, = M+%(1+%)

=300+ 1@ (1 1050
1770 400
" =300 + 213.23 kNm =513.23 kNm

[M f513.23><106
d-‘— —£ = fr— =
VaB To7xd00 " 1005 mm

Provide d= 1010mm
So that D= 1010 + 50 mm = 1060 mm
100 1.060
= 300+— =
M, 0+ 1‘7(1+ 04 )_514.7kNm
M, [5147x108 ‘
d= |=&= [22%1X0 s v
Va8 =\ T27xao0 ™= 1006 MM
Area of steel required :
- A . Me __ 5147x10°

U7 Ggid  230x0.906x 1010

mm? = 2431.1 mm?2

i

(Not OK)

24311
- No. of 25 mm dia. bars required = — =4.95=5 (say) o
Ly 052
4
Provide 5-25 mm dia. bars
b1=B—1OO=4OO—1OO=300mm 4 1060
a, = D-100 = 1060 - 100 = 960 mm !
x1=300+(25+5+5)=300+35:335mm ‘
y,=960+(25+5+5)=960+35=995mm |-

Design of shear reinforcement
Using 2-legged 8 mm dia. stirrups,

%x2x82x230x960

A, 05,0
Spacing, . 5, = IS =53.7 mm
pacing. " (v, T) (200x10°, 100x10°
V! 25 b, 25 300-
1

With 10 mm dia. bar
' 10?
s, = ——8-2—><53,7 =83.9mm
With 2-legged 12 mm dia. stirrups
: 2
s, = 18—22—>< 53.7 =120.8mm

Minimum shear relnforcement

e
ot Y
sv
Ay 4 Te=Te
Bs, # [
3
T, = B00x10"__ 4 48 Njmm?
v 400x1010
. 5x %x 252 %100
Percentage of steel, p, = —W =0.60%
7, = 0.334N/mm?
A 2% Zx122 230
s, = Y hs 4 =113.5 mm

VT (1.-1.)B  (1.48-0.334)x400
Maximum spacing

x, = 335mm
s,<{ Mt _ 3354995 o055 m  (whichever is less.)
' 2 4
= 300mm

Provide 2-legged 12 mm,dia. stirrup @ 110 mm c/c
Side face reinforcement
i D> 450mm

¥ 0.1
-.Side face reinforcement is required @ 0.1% = ﬁx 400 1060 = 424 mm?

No. of 10 mm dia. bars required =



Provide 3-10 mm dia. bars on eacti face

Spacing =

4

ﬁ-@—mo mm < 300 mm

(OK)

Q.1

Q.2

Q3

Q.4

Q.5

As per IS 456: 2000, which of the following type
of torsion must be considered in the design of
reinforced concrete members?

(@) Equilibriumtorsion

(b) Compatibility torsion

(c) Both(a)and(b) )
(d) No torsion need to be considered for design

Minor amounts of which of the following torsion
can be ignored in design due to the availability
of multiple load paths?

(a) Equilibriumtorsion

(b) Compatibility torsion

(c) Both(a)and(b)

(d) None of (a)or (b)

Side face reinforcement shall be prov;ded in
beams if:

(i) Beam depth exceeds 750 mm without torsion
(ify Beam depth exceeds 450 mim without torsion
(iii) Beam depth exceeds 450 mm with torsion ‘
(iv) Beam depth exceeds 750 mm with torsion
Among the above statements, true one(s) is/are:
(a) (i) and (iii) (b) (i) and (ii)

(c) (ii)and (iv) (d) (iii) and (iv)

The torsion moment in areinforced concrete beam

needs to be converted to an equivalent moment

and equivalent shear because:

(a) Itis economical to provide reinforcement for
moment and shear than for torsion directly.

(b) It is recommended by the principles of
Structural Analysis.

(c) It is difficult to provide inclined stirrups to
check torsional cracks.

(d) All of the above

In a reinforced concrete rectangular beam, the
flexural shear and the torsional shear are:

(a) Additive only on one side of the beam

(b) Additive on both the sides of beam

N
(c) Additive o one or both the sides of beam
depending on the type of loading
(d) Cannot be said with certainty

Q.6 Compression reinforcement in a beamn subjecteq

to torsion shall be provided when:

(a) Equivalent flexural moment due to torsion ‘

exceeds the flexural moment on bezn.

(b) - Equivalent flexural moment due to torsion s
less than the flexural moment on beam.

(c) Itis provided in all cases irrespective of the
value of equivalent ﬂeyural moment due to
torsion.

 (d) None of the above

Q.7 The horizontal distance between two parallel

reinforcing bars in a beam shall not be less than:
(a) Diaoflarger bar

(b) -Maximum aggregate size + 5 mm

(c) Twice the dia. of bar

(d) Maximum aggregate size

Q.8 Additional longitudinal bars shall be provided in

beams subjected to torsion if depth of beam
exceeds

(@ 750 mm
(c) 500mm

(b) 450 mm
(d) None ofthese

Q.9 In abeamn subjected {g torsion, the equivalent

torsion moment |s‘le§s than the flexural moment.
In this case

(a) steelis provided only on tension side

(b) steelis provided only on compression side
(c) steel is provided in both tension and
compression side

data insufficient

«

Q.10 Torsion in a reinforced concrete member gives

rise to
(a) diagonal cracks
(c) inclined cracks

(b) vertical cracks
(d) spiral cracks

a1

Q.12

Q.13

State true or false
4n indeterminate structures, torsion can be

eliminated by releasing the redundant reactions.’

A RC beam is subjected to a bending moment
of 200 kNm, shear force of 20 kN and a torque of
9 kNm. The size of the beam is 300 mm width x
425 mm overall depth. The effective cover is
25 mm. The equivalent shear force is

(a) 68kN (b) 50kN

(c) 79kN ! (d) 55kN

The equivalent moment in the above question is
(a) 200kNm (b) 250kNm

(c) 213kNm (d) '400 kNm

Q.14 Torsion resisting capacity ofa glven RC section

(a) increases with increase in stirrup and
longitudinal steel

(b) does not depend on stirrup and longitudinal
steel ‘ .

(c) decreases with decrease in stirrup spacing

(d) decreases with increase in longitudinal bars

1. (a 2 () 3 () 4 () 5. (a
6. (a) 7. (ab)8. (b) 9. (a) 10.(d)
11. Truei2. (a) 13. (c) 14. (a)
Hints:
12. (a)

=68 kN

16T 1.6x9

V—V T—ZO+ 03
= ——1 —_

M. M+,1.7(+b)

9 425) _, :
= =213 kNm
= 2OO+1 7(1+ 300)

Q.2

Q3

A beam of size 300 mm x 450 mmis subjected
to a torsional moment of 20 kNm along with a
flexural moment of 100 kNm. The shear force
acting on the beam is 105 kN at ultimate state of
coliapse. Design the beam using M25 concrete
and Fe415 steel.

Find the shear stress i @ 300 mm x 500 mm
sized beam which is subjected to a shear force
of 25 kN and a torsional moment of 15 kNm at
service loads. Assume 50 mm effective cover
and tension reinforceme}nt as 0.75%. Use M20
concrete and Fe415 steel.

A rectangular beam of size 300 mm x 500 mm
effective depth is reinforced with 0.5% tension
steel of Fe415 grade. It is subjected to a shear
force of 25 kN and a torsional moment of 10 kNm.
Check if the beam needs torsional reinforcement.
Use M20 concrete.

Q4 ARC rectangular beam of size 350 mm x 450 mm

effective depth i$ subjected to a ﬂexural moment
of 25 kNm, a shear force of 55kN and a torsional
moment of 40 kNm. Using M20 concrete and

Q.5

Fe415 steel design the reinforcement for the
beam

A reinforced concrete beam is as shown. The
section is subjected to a SF of 47 kN under
service load conditions. Assuming the
percentage tensile reinforcement as 0.5%, ﬁ'nd
the factored torsional moment that the section
can resist when

fe——— 300 mm———=4

3 ja————— 600 mm
[
[ J
[

50 mm

T
(a) notorsional reinforcementis provided
(b) maximum steel for torsion is provided
Use M30 concrete and Fe500 steel.




